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No. 6. The Examiner then stated that the originally presented claims have received an action on 
the merits and therefore have been constructively elected. As a consequence, Claims 109-160 
were withdrawn from consideration. 

The restriction requirement is traversed. 

On page 2, line 5-6, the Office Action states "newly submitted Claim 109-160 are 
independent and distinct from the invention originally claimed for the following reasons: The 
compound and the method of use is distinct and independent as evident from the instant claims 
and would have been subject to restriction requirement made in the paper # 6". However, no 
reasons are provided; the Examiner has merely asserted that Claims 109-160 are independent 
and distinct from the other claims. According to MPEP 803 Examiners must provide reasons to 
support a restriction: 

Examiners must provide reasons and/or examples to support conclusions, but 
need not cite documents to support the restriction requirement in most cases. 

Unless a proper justification for the restriction requirement is provided, it should be withdrawn. 

It is noted that the subject matter of Claims 109-122 is completely encompassed within 

Claim 15; and the subject matter of Claims 123-160 is completely encompassed within Claim 71. 

Therefore, the Examiner has already searched the subject matter of new Claims 109-160 and 

there is no additional search burden on the Examiner in examining new Claims 109-160. The 

MPEP stipulates that claims directed to inventions that are otherwise independent and distinct 

should be examined when there is no additional search burden on the examiner 1 : 

If the search and examination of an entire application can be made without serious 
burden, the examiner must examine it on the merits, even though it includes claims to 
independent or distinct inventions. (MPEP 803). 

For this reason, Applicants are requesting withdrawal of the restriction requirement. 



1 Applicants are not acknowledging that Claims 109-160 are directed to an invention 
independent and distinct from the subject matter of the originally presented claims. 
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The restriction requirement should be withdrawn for yet other reasons. Because Claims 

15 and 71 are generic to new Claim 109-160, they are properly classified as "linking claims": 

There are a number of situations which arise in which an application has claims to 
two or more properly divisible inventions, so that a requirement to restrict the 
application to one would be proper, but presented in the same case are one or 
more claims (generally called "linking" claims) inseparable therefrom and thus 
linking together the inventions otherwise divisible. The most common types of 
linking claims which, if allowed, act to prevent restriction between inventions 
that can otherwise be shown to be divisible, are (A) genus claims linking species 
claims. (MPEP 809.03) (Emphasis added). 

Claims 15 and 71 are inseparable from the subject matter of new Claims 109-160 because 
they are drawn to the same subject matter (a compound which modulates TNF-oc activity and 
methods of using the same in therapy) and because Claims 15 and 71 are generic to new Claims 
109-160. Thus, Claims 15 and 71 link Claims 109-160 and act to prevent restriction between 
them. Therefore, the second restriction is improper and should be withdrawn. 

In summation, the Examiner has not provided a rationale justifying the restriction 
requirement. Moreover, the restricted Claims (109-160) are completely encompassed within old 
Claims 15 and 71; thus, there will no additional search burden on the Examiner in examining 
these claims. Finally, restriction is improper because Claims 15 and 71 are generic to new Claims 
109-160 and therefore serve to "link" them and prevent restriction. Withdrawal of the restriction 

requirement is requested. 

Rejection Under 35 U.S.C. § 1 12. Second Paragraph 

Claims 79 was rejected because it reads "the compound of Claim 71"; however, Claim 71 
is not directed to a compound. This informality has been corrected by amendment. Withdrawal of 
the rejection is requested. 

Rejection of Claim 71-100 and 108 Under 35 U.S.C. § 1 12, First Paragraph 

The Examiner stated that the specification is enabling for the treatment of rheumatoid 
arthritis. However, the Examiner stated that Claims 71-100 and 108 are drawn to treating "TNF- 
mediated conditions" and therefore "not only include any and all conditions, but also those 
conditions not yet to be discovered for which there is no enabling disclosure". 
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Applicants acknowledge the Examiner's assessment that the specification is enabling for 
the treatment of rheumatoid arthritis, but, for reasons provided below, respectfully disagree with 
his conclusions that the claims lack enablement for other TNF-mediated diseases. 

A. The Examiner has provided no rationale to question enablement of the claimed 
subject matter 

An examiner may not simply assert lack of enablement, but must provide reasons to 

questions the validity of what is asserted. As stated in MPEP 2164.04: 

As stated by the court, "it is incumbent upon the Patent Office, whenever a 
rejection on this basis is made, to explain why it doubts the truth or accuracy of 
any statement in a supporting disclosure and to back up assertions of its own with 
acceptable evidence or reasoning which is inconsistent with the contested 
statement. Otherwise, there would be no need for the applicant to go to the trouble 
and expense of supporting his presumptively accurate disclosure." 439 F.2d at 
224, 169 USPQat370. 

According to In re Bowen, 492 F.2d 859, 862-63, 181 USPQ 48, 51 (CCPA 
1974), the minimal requirement is for the examiner to give reasons for the 
uncertainty of the enablement. 

The Examiner has provided no such rationale, other than to state in Section 2 on page 5 of the 
Office Action that "[a] very recent publication expressed that treating diseases by the inhibition 
of TNF-a is still exploratory. See reference cited above." However, Applicants' Attorney has not 
been able to identify any reference cited in the Office Action which makes this assertion. In 
absence of such documentation, the Examiner's assertion of lack of enablement lacks the support 
required by MPEP 2164.04. 

B. Clinical data is not a requirement for patentability 

Example 17 of the subject application discloses data from two in vitro assays: the first 
measures TNF-a induced apoptosis; and the second measures Vascular Cell Adhesion Molecule 
expression. Both assays measure outcomes from TNF-a treatment, and, as such, are valid assays 
for identifying molecules which inhibit TNF-a signalling. Ninety-two compounds encompassed 
within Claim 75 were tested and found to be active by these assays. Moreover, Compound 44 
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was tested and found to be active in animal models for sepsis (Example 18 beginning on page 

77), inflammatory bowel disease (EBD) (Example 18 beginning on page 77) and allergic 

encephalitis (encephalomyelitis) (Example 18, beginning on page 78), which is a murine model 

of multiple sclerosis. Thus, it is apparent that the disclosed assays provide at least a reasonable 

correlation between inhibition of TNF-a signalling in vitro and efficacy in animal models. Based 

on this data, it is reasonable to conclude that the disclosed inhibitors of TNF-a signalling would 

also be effective against other TNF-mediated disorders, and at least against sepsis, IBD, allergic 

encephalitis (encephalomyelitis) and multiple sclerosis. 

The Examiner stated in Section 4 on page 5 of the Office Action that the "[specification 

has no working examples to show treating any or all condition". Based on the assays disclosed in 

the subject application, as described in the previous paragraph, and the number of examples 

tested, Applicants respectfully disagree with this assertion. Perhaps the Examiner is suggesting 

that clinical data is required for patentability. If so, this is not the law. The Court of Appeals for 

the Federal Circuit has repeatedly admonished that clinical data is not a requirement for 

patentability. See, for example, Cross v. Iizuka, 224 USPQ 739 (CAFC, 1985): 

We perceive no insurmountable difficulty under appropriate circumstances, in 
finding that the first link in the screening chain, in vitro testing, may establish a 
practical utility for the compound in question. Cross at 748. 

Since we have agreed with the Board that the practical utility for the imidazole 
derivatives of the phantom count lies in their pharmacological activity in the 
microsome environment, the how to use requirement of §1 12 must be analyzed 
with reference to the microsome environment. Cross at 748. 

See, also, In re Brana 34 USPQ2d 1437, 1442 (CAFC 1995). 

FDA approval, however, is not a prerequisite for finding a compound useful 
within the meaning of the patent laws. Scott, 34 F.3s 1058, 1063, 32 USPQ2d 
1115, 1 120. Usefulness in patent law, and, in particular in the context of 
pharmaceutical inventions, necessarily includes the expectation of further research 
and development. The stage at which an invention in this field becomes useful is 
well before it is ready to be administered to humans. In re Brana at 1442. 

Thus, clinical efficacy is not a requirement for patentability. The specification provides ninety- 
two examples of in vitro efficacy and further data showing efficacy in animal models with at 
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least three different TNF-a mediated diseases. Based on this data, it is reasonable to conclude 
efficacy against other TNF-mediated disorders. 

C. The use of TNF-a inhibitors is well known for treating a wide variety of 
inflammatory and autoimmune disorders. 

The Examiner's assertion that "the state of the art is that the effects of inhibiting TNF-a 
are unpredictable and at best limited to modulation of rheumatoid arthritis" is incorrect. For 
example, Infliximab, a monoclonal antibody against TNF-a, has obtained FDA approval for the 
treatment of Crohn's disease (Andreakos et al, Cytokine and Growth factor Review 13:299 
(2002) [enclosed herewith as Exhibit A] and Present et al.,.N. Engl. J. Med 340:139$ (1999) 
[enclosed herewith as Exhibit B]; and etanercept improved clinical disease in 74% of the patients 
with juvenile arthritis compared to placebo (Lovell et al, N. Engl. J. Med. 342:763 (2000)) 
[enclosed herewith as Exhibit C]. Moreover, clinical trials have demonstrated the efficacy of 
TNF-a inhibitors for treating psoriatic arthritis and psoriasis (Mease et al, Lancet 356:9221 
(2000)) [Exhibit D], Wegener's granulomatosis (Stone et al., Arthritis Rheum. 43(Suppl):S404 
(2000)) [Exhibit E], adult onset Still's disease (Weinblatt et al., Arthritis Rheum. 43(Suppl):S39l 
(2000)) [Exhibit F], polymyositis (Hengstman et al, Arthritis Rheum 43(Suppl):Sl93 (2000)) 
[Exhibit G] and scleroderma (Ellman et al, Arthritis Rheum. 43(Suppl):S392 (2000)) [Exhibit 
H]. In addition, clinical efficacy in mice with encephalomyelitis (EAE), a relevant model for 
human demyelinatin disease such as multiple sclerosis, has been demonstrated with TNF-a 
inhibitors (Lock et al, Ann. Rheu. Dis. 58(Suppl I):l\2\ (1999) [Exhibit I]. These references 
have been enclosed as Exhibits for the convenience of the Examiner with relevant portions 
highlighted. 

Thus, clinical efficacy for TNF-a inhibitors has been demonstrated in a wide variety of 
diseases other than rheumatoid arthritis. It is therefore reasonable to expect efficacy for inhibitors 
of TNF-a signalling in these and other TNF-a mediated disorders. 

In summation, the clinical efficacy of TNF-a inhibitors against a wide variety of TNF-a 
mediated disorders has been established and is well known. It is to be expected that inhibitors of 
TNF-a signaling will be useful in treating these and other TNF-a mediated diseases. The subject 
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signalling. Efficacy in three different animal models is also demonstrated. From this data and the 
widespread utility of TNF-a inhibitors against TNF-a mediated diseases, it is submitted that the 
full scope of Claims 71-100 and 108 has been enabled. 

Rejection Under 35 U.S.C. S 103^ 

Claims 15-16, 20-23, 26-27 and 29 are rejected as being obvious in view of U.S. Patent 
No. 6,306,840 (hereinafter "Adams"). The Examiner stated that Adams teaches compounds 
structurally similar to those claimed by Applicants. The Examiner also stated that the claimed 
compounds differ from those disclosed in Adams in requiring (un)substituted aryl for R 10 , 
whereas Adams exemplifies only hydrogen and methyl for the corresponding R 2 . The Examiner 
then stated that Adams teaches the equivalency of exemplified substituents shown in Table I with 
that claimed for compounds of formula (I) in column 6. For reasons provided below, Applicants 
respectfully disagree with this assessment. 

The Examiner noted that R 2 in formula (I) in column 6 of Adams corresponds to R 10 in 

the instant claims. However, only two out of eight recited values for R 2 in formula (I) in column 

6 of Adams are permissible values for R 10 in the instant claims. Moreover, R 3 in formula (I) in 

column 6 of Adams corresponds to R$ in the instant claims, and only five out of approximately 

35 recited values for R 3 in formula (I) in column 6 of Adams are permissible values for R 10 in the 

instant claims. In addition, Y-Rl in formula (I) in column 6 of Adams corresponds to -C(0)-R n 

in the instant claims, and only one out of the three recited values for Y in formula (I) in column 

6 of Adams results in a permissible value for -C(0)-R n in the instant claims. Adams provides no 

reason to select these values. It is well established in Patent Law that an obviousness rejection is 

improper if the skilled person must make a specific selection from a large number of variables, 

each having a large number of possible values, unless the prior art directs the skilled person to 

make the specific selections necessary to arrive at the claimed subject matter: 

Given the vast number of diphenols encompassed by the generic diphenol formula 
in Knapp, and the fact that the diphenols that Knapp specifically discloses to be 
"typical," "preferred," and "optimum" are different from and more complex than 
bisphenol A, we conclude that Knapp does not teach or farily suggest the selection 
of bisphnol A. In re Baird 29 USPQ2d 1 150, 1552 (CAFC 1994). 



Not only does Adams fail to direct the skilled person to the specific selections of R 2 , R 3 and Y 
necessary to arrive at permissible values for R 10 and -C(0)R n in the instant claims, but it 
actually teaches away from these selections. Table 1, columns 9-18 in Adams provides almost 
four hundred specific examples of compounds encompassed by formula (I) in column 6. Values 
for R 2 are limited to -H and -methyl (and in one case phenacyl); in contrast, R 10 , which is at the 
corresponding position in the compound of Applicant's Claim 15, is required to be alkyl 
substituted with an amine or a substituted or unsubstituted aryl, heteroaralkyl or 
heterocycloalkylalkyl. In addition, of the almost four hundred examples in Table 1, only 
approximately nine have a substituted or unsubstituted aryl, heteroaryl, aralkyl or heteroaralkyl 
group as a possible for R 3 , as required by Rg, the variable at the corresponding position in the 
compound of Claim 15. As such, none of the specific examples disclosed in Adams directs the 
skilled person to select the permitted values for R 10 of the compound of Claim 15, and only a tiny 
percentage have a permissible value for of the compound of Claim 15. None suggest the 
specific combination of required values. 

Compounds encompassed within the generic structure of Claim 15 are non-obvious for 
yet other reasons. Specifically, the activity of these compounds is unexpectedly superior to the 
corresponding compounds in which the group represented by R 10 is -H or alkyl. It is noted that 
the examples provided in Table 1 of Adams have -H or methyl (and in one case phenacyl) at the 
position corresponding to R 10 . Support for this assertion is provided by the enclosed Declaration 
by Scott F. Sneddon, Ph.D. (hereinafter the "Sneddon Declaration"). The Sneddon Declaration 
provides results from experiments in which Compounds 1-4 were tested in the TNF-cc induced 
apoptosis assay described on pages 70-71 of the subject application and the IC 50 s were 
determined. The group at the position represented by R 10 in Compounds 1-4 is -H or alkyl. In 
every case, the activity of these compound in the TNF-a induced apoptosis assay is greater than 
30 ^M; in contrast, the activity of the compounds of the present invention is in every case less 
than 10 nM, and in many cases less than 1 \iM (see Table V on pages 73-75 of the subject 
application). Thus, it is apparent that the claimed compounds have superior activity to the 
corresponding compounds that have -H or alkyl at the position corresponding to R 10 , as in the 
compounds in Table 1 of Adams. 
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In summation, the subject matter of Claim 15 and claims depending therefrom is non- 
obvious in view of Adams because it is necessary to select specific values from a large number of 
possible values of R 2 , R 3 and Y in order to arrive at the permissible values for Rg, R 10 and 
-C(0)-R n in the compound of Claim 15. Moreover, Adams teaches away from these specific 
selections because none of Adams exemplified compounds have these selections. Finally, 
compounds with values for R<„ R l0 and -C(0)R n that are permitted by Claim 15 are unexpectedly 
superior in their ability to inhibit TNF-a, compared with the corresponding compounds having 
-H or alkyl at R 10 . It is noted that all of the examples provided by Adams have -H or alkyl (and in 
one case phenacyl) at the position corresponding to R 10 . 



In view of the above amendments and remarks, it is believed that all claims are in 
condition for allowance, and it is respectfully requested that the application be passed to issue. If 
the Examiner feels that a telephone conference would expedite prosecution of this case, the 
Examiner is invited to call the undersigned at (978) 341-0036. 



CONCLUSION 



Respectfully submitted, 



HAMILTON, BROOK, SMITH & REYNOLDS, P.C. 




Steven G. Davis, Esq. 
Registration No.: 39,652 
Telephone: (978) 341-0036 
Facsimile: (978) 341-0136 



Concord, MA 01742-9133 
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MARKED UP VERSION OF AMENDMENTS 
Claim Amendments Under 37 C.F.R. § 1.121(c)(n(ifl 

79. (Amended) The [compound] method of Claim 71, wherein Rg is phenyl, 2-cyanophenyl, 3- 
cyanophenyl, 4-cyanophenyl 5 diphenylmethyl, pyrazolylmethyl, 2,4-dimethylphenyl, 2- 
methylphenyl, 3-methylphenyl, 4-methylphenyl, 2-methyl-4-methoxyphenyl, 3-methyl-4- 
methoxyphenyl, 4-methylthiophenyl, 3-chlorophenyl, 3-trifluoromethylphenyl, benzyl, 2- 
trifluoromethylbenzyl, 3-trifluoromethylbenzyl, 2-chlorobenzyl, 3-chlorobenzyl, 4- 
chlorobenzyl, 2-methoxybenzyl, 3-methoxybenzyl, 4-methoxybenzyl, 2-fluorobenzyl, 3- 
fluorobenzyl, 4-fluorobenzyl, 3-azidylphenyl, 3-(4-methoxyphenoxy)phenyl, or 5- 
phenylfuran-2-yl . 
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Abstract 

The increasing understanding of the role of cytokines in autoimmunity, and the observation that tumour necrosis factor a (TNFa) 
is central to the inflammatory and destructive process common to several human autoimmune diseases, has led to a new generation of 
therapeutics the TNFa blocking agents. In this article, we review the current knowledge of the role of cytokines in autoimmumty as 
unravelled by studies both in the laboratory and the clinic. In addition, we discuss future prospects of the anti-TNFa therapy that may 
involve combination therapy with other anti-cytokine or anti-T cell biologicals, or the use of small chemicals targeting molecules involved 
in TNFa production such as NF-kB and p38 MAPK. The future developments of anti-TNFa and anti-cytokine therapy in general will be 
interesting. 

© 2002 Elsevier Science Ltd. All rights reserved. 
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1. Introduction 

Autoimmune diseases involve the activation of self-reactive 
T and B cells and the generation of cell-mediated and 
humoral immune responses against self-antigens. A large 
number of autoimmune diseases have been described, 
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with the most common of them being rheumatoid arthri- 
tis (RA), multiple sclerosis (MS), systemic lupus ery- 
thematosus, insulin-dependent diabetes mellitus, Grave's 
and Hashimoto's thyroiditis, ankylosing spondylitis and 
Crohn's disease. Although clinically distinct, all autoim- 
mune diseases have some similarities in their pathogenesis 
and involve the production of cytokines, important protein 
mediators that specifically regulate the inflammatory re- 
sponse, the tissue damage and the repair mechanisms [1], 
In this article, we will review the role of cytokines in the 
pathogenesis of human autoimmune diseases, and discuss 
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how a partial understanding of how the cytokine networks 
operate has led to new therapies. 

2. Initiation, perpetuation and tissue damage 
in autoimmune disease 

The events that trigger autoimmunity or that determine the 
disease type, manifestation and progression remain elusive. 
Certainly, the strong association of autoimmune diseases 
with particular MHC genotypes, and also with a number 
of other immune and inflammatory genes or with the hor- 
monal status of the individual indicates that genetic factors 
are important [2-4]. However, autoimmune diseases are 
clinically manifested in <50% of identical twins that share 
_alLtheuLgene^.„e,g._the„concordance_mtes_QO 



in RA is 15-35%. This demonstrates that non-inherited and 
presumably environmental factors are also involved [2,5], 

No matter how autoimmunity is initiated, it results in a 
chronic inflammatory response against self -tissue with the 
release of inflammatory mediators, the production of au- 
toantibodies, the formation of immune complexes and the 
extravasation and activation of cytotoxic T cells, natural 
killer cells, macrophages and polymorphonuclear leuko- 
cytes. Autoantigen-specific antibodies induce tissue damage 
by either directly lysing cells, accelerating clearance of 
antibody-sensitised cells, activating complement, initiating 
antibody-dependent cytotoxicity mechanisms or by binding 
to cell surface receptors and interfering with their function. 
T cells, on the other hand, mediate tissue injury directly by 
themselves by releasing cytokines and attacking self-tissue, 
or indirectly by providing help to autoantigen-specific B 
cells and by activating macrophages and inducing local in- 
flammation. Such mechanisms seem to operate in rheuma- 
toid arthritis and multiple sclerosis that have disease tissues 
heavily infiltrated by T cells and activated macrophages [6]. 
Ultimately, this process results in extensive tissue damage 
and leads to malfunction of the corresponding target organs, 
disability or even death. 

Extensive damage of the tissues is characteristic of the 
late or tissue-damaging stage of autoimmunity, and is of- 
ten already taking place when the disease is diagnosed. 
This is the stage of autoimmunity that is the most relevant 
therapeutically, but also the most accessible for study. The 
earlier stages of autoimmunity are envisaged to contain an 
'initiation* stage that is largely asymptomatic and involves 
the induction of autoimmunity presumably under the in- 
fluence of both genetic and environmental factors, and a 
'perpetuation' stage that results in the persistence of autore- 
active T cells and the maintenance of inflammation. There 
is increasing evidence that all stages of autoimmunity are 
controlled by cytokines and their study has been a major 
subject of the research of the last 1 5 years in the field. Most 
of the data concerning early events come from animal mod- 
els, but there are many grounds to believe their relevance 
to human disease [7,8]. 



3. The cytokine system in rheumatoid arthritis 

One of the best studied cytokine networks of human 
autoimmune diseases is that of rheumatoid arthritis. Its 
analysis has been favoured by the availability of biopsy tis- 
sue from the disease site that can be obtained at the height 
of the inflammatory response [9]. Biopsy tissue can then be 
analysed for the expression of cytokines by various meth- 
ods that include immunohistology of fresh ex vivo tissue 
[10], in situ hybridisation of synovial fluid products [11], 
and short-term culture of synovial membrane cells in the 
absence of extrinsic stimulation [12]. Although immunohis- 
tology is very useful when determining which cells are the 
major cytokine producers, the short-term culture of synovial 
cells offers the advantage of allowing the quantitative anal- 
^v_sis_QLpmteinsjceleased_andJhe^tudy^ 



and is the approach we most extensively used. However, 
conclusions from such in vitro studies, which have potential 
artefacts, require subsequent validation in vivo. 

Studies evaluating the expression of cytokines in the 
rheumatoid synovium were initiated in the 1980s, when 
cytokine cDNAs were cloned and tools to measure cytokine 
expression became available. Very early, we and others 
in the field realised from the results that the rheumatoid 
synovium is enriched with almost every cytokine known 
(Table 1) [13]. 

The abundance of most cytokines in the rheumatoid 
synovium did not come as a surprise as this site is very 
inflammed and contains a diverse spectrum of cells such 
as activated T lymphocytes, macrophages, fibroblasts, en- 
dothelial cells and plasma cells, all of which can produce 
cytokines. However, it highlighted the complexity of deter- 
mining which cytokines may be important or rate-limiting 
for the pathogenesis of the disease. As different cytokines 
exert multiple functions and have various properties, and 
as most cytokines are expressed transiently and can be in- 
duced or inhibited by other cytokines, we envisaged that a 
cytokine 'network' or 'cascade' may exist in the diseased 
tissue. We were struck by the reproducible presence of many 
key pro-inflammatory molecules in our samples, including 
interleukin-1 (IL-1), IL-6 and tumour necrosis factor a 
(TNFa), cytokines transiently produced after stimulation. 
This suggested to us that there may be an abnormality in 
the duration of cytokine expression. 

To understand the way cytokines are regulated, we de- 
cided to use short-term cultures of all the cells in rheumatoid 
synovial membranes as an in vitro model of the cytokine 
network that operates in vivo. Short-term (5-6 days) cul- 
tures of rheumatoid synovial membranes contain 30% T 
cells, 30-40% macrophages, and fewer fibroblasts, dendritic 
cells, endothelial cells, plasma cells and B lymphocytes. 
These cells reagreggate in vitro, and spontaneously release 
the pro-inflammatory mediators that are also produced in 
vivo [9]. Using these short-term cultures and neutralising 
antibodies against specific cytokines as a tool for investigat- 
ing regulation, we made some very interesting observations. 
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Tabic 1 *»t» 
Cytokines expressed in rheumatoid synovial tissue (modified with per- 
mission from Feldmann et al. [9]) 
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findings was that blocking TNFa could be a good therapeu- 
tic approach. This hypothesis was then tested and validated 
by us and others in murine models of arthritis such as 
collagen-induced arthritis that confirmed the importance of 
TNFa in the induction and maintenance of disease [25-28]. 
Interestingly, at that time a 'spontaneous' model of arthritis 
was developed using a deregulated TNFa transgene carry- 
ing a deletion in the 3' untranslated region of TNFa that 
is essential for its normal regulation [29]. This developed 
an erosive disease with histological features closely resem- 
bling human RA. Disease in this model could be prevented 
by using anti-human TNFa but also by a neutralising an- 
tibody to the IL-1 receptor, thus, confirming that TNFa 
is important in the generation of IL-1 in vivo [30]. Fong 
et al. also showed that in mice injected with LPS, IL-1 and 
IL-6 production was markedly reduced in the presence of 

zntl -T^r PI] TV C , a TM1?/>-rfpppnHpnr nytnVinft cascade 



First, we found that by blocking TNFa but not the closely 
related LTa (that also binds to the same p55 TNF receptor 
(p55-TNFR) and p75 TNF receptor (p75-TNFR)) repro- 
ducibly inhibited the production of IL-1 [14], a cytokine 
previously shown to be important in cartilage and bone 
destruction [15,16]. This was an important observation. Al- 
though EL- 1 can be induced by many molecular signals such 
as IL-1 itself [17], GM-CSF [18], IFN7 [19] or immune 
complexes [20], but also cellular interactions in the rheuma- 
toid synovium [21], its expression is dependent on TNFa. 
Subsequently, we found that blocking TNFa also inhibited 
the production of other pro-inflammatory mediators, such 
as GM-CSF, IL-6 and IL-8 [22,23]. These observations 
were consistent with those of others [24] and indicated that 
many of the major pro-inflammatory cytokines produced in 
the rheumatoid synovium are linked in a network or cas- 
cade with TNFa at its apex. The direct implication of these 



is not a feature restricted to rheumatoid synovium; rather, it 
is a feature of normal immune and inflammatory responses. 

In addition to the pro-inflammatory mediators, the 
rheumatoid synovium was found to have up-regulated a 
number of anti-inflammatory mediators that include IL-10, 
IL-11, IL-1 receptor antagonist (IL-lra) and soluble TNF 
or IL-1 receptors. These anti-inflammatory cytokines are 
effective in vivo, and partially down-regulate the inflamma- 
tory response. Thus, blocking IL-10 in rheumatoid synovial 
membrane cultures by anti-IL-10 neutralising antibodies 
increases the spontaneous production of both TNFa and 
IL-1, as well as IFN-y, a cytokine that is barely detectable 
otherwise [32]. This is in agreement with studies in human 
monocyte cultures where addition of recombinant IL-10 
down-regulates the production of TNFa and IL-1, inducing 
at the same time the release of soluble TNF receptors and 
IL-1 receptor antagonist [33,34]. Similarly, blocking IL-11 
in rheumatoid synovial membrane cultures increases the pro- 
duction of TNFa, whereas addition of recombinant IL-1 1 in- 
hibits the production of TNFa and matrix metalloproteinases 
(MMPs) 1 and 3 [35], Other potentially inhibitory cytokines 
such as IL-4 are poorly expressed in the rheumatoid syn- 
ovium, whereas the presence of IL-1 3 is highly variable. 

Soluble forms of the p55- and p75-TNFR are also el- 
evated in RA plasma and synovial fluid, and are sponta- 
neously released in rheumatoid synovial membrane cultures 
[36], as is the soluble IL-1 receptor and the IL-lra [37-39]. 
Although this forms an important group of natural and spe- 
cific TNFa and IL-1 inhibitors, TNFa and IL-1 bioactivity 
and signalling (such as NF-kB activation) are still detectable 
in rheumatoid synovial membrane cultures and in synovial 
tissue [40,41]. In summary, these observations suggest that 
anti-inflammatory mechanisms that include the production 
of IL-10, BL-11, IL-lra and soluble TNF and IL-1 recep- 
tors, are nevertheless insufficient in regulating the disease 
process. Thus, rheumatoid arthritis may be envisaged as a 
disease where there is an imbalance between the produc- 
tion of pro-inflammatory and anti-inflammatory mediators 
(Fig. 1). Various factors such as hormonal changes during 
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Fig. 1. Cytokine imbalance in the rheumatoid synovium (modified with permission from Feldmann et al. [9]). 



late pregnancy and early postpartum may shift this cytokine 
balance towards one side or another, inducing in that way 
remissions or exacerbations of disease activity [42]. 



4. The cytokine system in other autoimmune diseases 

Although the cytokine networks of other autoimmune 
diseases remain less clearly defined than that of rheumatoid 
arthritis, the expression of cytokines has been studied fairly 
extensively. First, in Crohn's disease a large number of 
pro-inflammatory cytokines (TNFot, IFN7, EL-1, IL-2, IL-6, 
IL-12) and chemokines (IL-8, MCP-1 and RANTES) were 
found to be elevated in studies using immunohistochemistry, 
whole biopsy cultures, or isolated lamina propria mononu- 
clear cells (LPMC) [43-45]. As in rheumatoid arthritis, this 
was paralleled by an increase in soluble TNF receptors and 
the IL-1 receptor antagonist [46], and the immunoregula- 
tory cytokine IL-10 [47], but this was insufficient to control 
the inflammatory process. Administration of exogenous 
IL-10 could further suppress the elevated pro-inflammatory 
cytokine production both in vitro in LPMC cultures and in 
vivo in patients with active disease [48], demonstrating that 
in Crohn's disease there may also be an imbalance between 
the production of pro-inflammatory and anti-inflammatory 
mediatc^^ 



shg^pnia^lc^^^^fiSpS® 0] . 

In Grave's disease and Hashimoto's thyroiditis, pro- 
inflammatory (TNFot, LT, IL-1, IL-6), immuhoregulatory 
(IL-10) and T cell-derived (IL-2, IL-4, IFN7) cytokines, as 
well as chemokines (IL-8) have been detected [51,52]. Most 
of them are due to the intrathyroid lymphocytic infiltrate 
seen in thyroid diseases, although thyroid epithelial cells 
can also produce cytokines [51,53]. Third, in Sjogren's syn- 
drome elevated levels of TNFot, LT, IL-1, IL-2, IL-4, IL-6, 



IL-10, TGF0 and IFNy have been detected in salivary gland 
biopsies by using polymerase chain reaction and in situ hy- 
bridisation [54], whereas in systemic lupus erythematosus 
increased levels of TNFot, IL-1, IL-2, IL-6, IL-10, IFN7 
and soluble TNF receptors have been found in sera [55,56], 
FinaDy, in lesions of multiple sclerosis patients with active 
disease higher levels of TNFot, LT, IL-1, IL-2 and IFN7 have 
been reported [57], More detailed reviews about the role of 
cytokines in various autoimmune diseases can be found in 
two recent books, 'Cytokines in Autoimmunity* edited by 
Brennan and Feldmann [58] and 'Cytokine Reference* (also 
on the web at www.apnet.com/cytokinereference) edited by 
Oppenheim Feldmann [1]. 



5. Anti-cytokine therapy in rheumatoid arthritis 

The laboratory observation that TNFot is at the apex of the 
pro-inflammatory cascade of rheumatoid arthritis synovial 
cultures combined with the studies in animal models sup- 
porting a role of TNFot for the development and progression 
of arthritis established TNFot as a target for therapeutic inter- 
vention. Clinical trials aimed at blocking TNFot were initi- 
ated in 1992 and involved the use of infliximab (Reraicade®, 
initially known as cA2) t a chimeric mouse Fv-human IgGl 
monoclonal antibody of high TNFa-neutralising capacity 
produced by Centocor Inc. [59]. The first clinical trial was a 
Phase I/II open (non-placebo controlled) trial of infliximab 
in long-standing active RA patients who failed all prior 
therapy averaging four disease-modifying drugs. The re- 
sults were very encouraging with rapid alleviation of pain, 
morning stiffness and tiredness, and reduction of swollen 
and tender joints within a week or two (Fig. 2a). The serum 
concentration of inflammatory markers such as C-reactive 
protein (CRP) were also reduced (Fig. 2b). Although this 
response was temporary, and lasted 8-22 weeks [60], read- 
ministration of infliximab induced further benefit [60,61]. 
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Fig 2 Open-label treatment of rheumatoid arthritis with infliximab (modified with permission from Elliott et al. [60]). Patients received 20mg/kg of 
infliximab (2-4 infusions) within the first 2 weeks of the trial and were subsequently monitored for swollen joints and CRP levels for 8 weeks (taken 
with permission from Elliott et al. [60]). 



The efficacy of infliximab was subsequently confirmed in 
a Phase II double-blind, randomised, placebo-controlled 
clinical trial where a 60-70% reduction in the measures 
of disease activity (such as swollen or tender joint counts 
and CRP) was observed. In this study, 79% of patients re- 
ceiving lOmg/kg and 44% of patients receiving 1 mg/ml of 
infliximab reached the required level of improvement when 
compared to 8% of the placebo control patients. This was 
the formal proof of efficacy. However, the duration of this 
trial was very short (4 weeks) in order to be able to have 
patients in placebo not dropping out- Hence, further trials 
were needed to establish whether longer-term treatment 
was possible. 

Thus, a multidose Phase II clinical trial was done in pa- 
tients with active disease despite therapy with methotrexate 
(MTX), one of the most effective and durable treatments. 
Results from this study demonstrated a synergy between low 
doses of infliximab and low dose MTX. The onset of the 
response was rapid with a significant improvement in symp- 
toms and signs by 2 weeks and with most of the patients 
responding by 6 weeks (Fig. 3). 

In the similarly designed Phase 311 trial (ATTRACT), over 
60-70% improvement in individual parameters of disease 
activity was again achieved [62]. This trial was the first 
of sufficient duration to permit evaluation of the effect of 
anti-TNFa therapy in joint architecture. Joint protection was 
observed when hands and feet were examined using a mod- 
ified sharp X-ray scoring system after 26, 54 and 108 weeks 
[62,63], 

These observations of joint protection with TNFa block- 
ade were reproduced by using a number of other TNFa 
blocking agents such as etarnecept [64], a p75-TNFR fu- 
sion protein and D2E7/adalimumab [65], a human mono- 
clonal antibody, indicating that TNFa blockade is effective 
at blocking structural damage. This resolves a theoretical 
discussion based on animal models which predicted that 
IL-1 blockade would be necessary [66]. The release of the 



data of the first clinical trial of cA2 in 1992 prompted other 
companies which had developed TNFa inhibitory biologi- 
cal agents (antibodies or modified TNF receptors) to initiate 
trials. These agents are summarised in Table 2. 

The one that has been most efficient in clinical trials, and 
in subsequent sales is etanercept (Enbrel®) produced by 
Immunex/American Home Products. In placebo-controlled 
Phases II and III trials, etanercept, reduced swollen and 
tender joins and ameliorated disease according to the ACR 
criteria [67-69]. Etanercept was also beneficial to patients 
with active RA despite MTX therapy [68], Finally, etaner- 
cept retarded the progression of bone erosions, as assessed 
by radiography of hands and feet of patients with active 
disease of <3 years [64], D2E7 is also an effective TNFa 
blocking agent in RA over a range of doses. Subcutaneous 
or intravenous injections ameliorate disease in a compa- 
rable manner to infliximab or etanercept and induce joint 
protection [65], For the PEGylated p55-TNFR, only pre- 
liminary results from the Phase I/II clinical trials have been 



Table 2 

TNFa blocking agents used in the clinic in rheumatoid arthritis (modified 
with permission from Feldmann and Maini [13]) 

Number Clinical benefit induced by anti-TNFa treatment 

1 Down-regulation of many pro- inflammatory cytokines 
in vivo 

IL-1, GM-CSF, IL-6, IL-8 and other chemokines 

2 Reduction in leukocyte trafficking 

Reduction in adhesion molecules and chemokines 

3 Reduction in angiogenesis 
Reduction in VEGF 

4 Reduction in joint destruction 
Reduction in IL-1, MMPs -** XR changes 

5 Haematological normalisation 

Haemoglobin t. Platelets j, Fibrinogen ^cardiovascular 
risk 
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Fig. 3. Efficacy of combination of infliximab and methotrexate vs. methotrexate and placebo, (a) Patients were treated with MTX (7.5 mg per week) 
and either placebo. 3 or 10 mg/kg infliximab administered intravenously at time points indicated by the arrows. Patients were then followed for disease 
improvement (modified with permission from Maini et al. [122]). (b) Patients were treated with MTX (15 mg per week) and either placebo, 3 or 10 mg/kg 
infliximab every 4 or 8 weeks. After 30 weeks, the response of the patients was evaluated with permission from Maini et al. [62]. In both cases, the 
ACR 20 criteria were used for disease assessment. 
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Tabic 3 



Clinical benefit induced by anti-TNFa treatment (modified with permission from Feldmann and Maini [13]) 



Composition 



Manufacturer 



Monoclonal antibodies 
Infliximab, Remicade® ^ 
CDP571 

D2E7, Adalimumab 
PEG Fab 


Chimeric (mouse x human) 
Humanised murine CDR3 
Fully human 
Fully human 


Centocor Inc., USA 
Celltech. UK 

Cambridge Antibody Technology/BASF, UK 
Celltech, UK 


TNFR:Fc fusion proteins 
Etanercept, Enbrel® 


p75-TNFR:Fc 


Immunex/ American Home Products 


Lenercept™ 


p55-TNFR:Fc 
PEGp55-TNFR 


Roche, Switzerland 
Amgen, USA 



published and look encouraging [70], whereas for lenercept, 
a p55-TNFR fusion protein, results have been positive but 
somewhat variable probably due to irnmunogenicity of the 



creased the levels of cytokines such as IL-1, IL-6, IL-8, 
MCP-1 and VEGF in the serum [60,79-82]. Smaller studies 
also demonstrated reductions in synovial cytokines by im- 
munohistologv. These results verify that TNFa is indeed at 



variation [71]. In summary, though, the consistent bene- 
ficial effect of multiple TNFa blocking agents formally 
confirmed the essential role of TNFa in RA. It is, thus, 
important to understand what drives the deregulated TNFa 
production in the rheumatoid synovium. 

Anti-cytokine therapy in RA is not limited to TNFa block- 
ade. Other important pro-inflammatory cytokines have also 
been targeted. One such cytokine is IL-1. When IL-1 was 
blocked by administering IL-lra (Anakinra®, Amgen) in 
a rnulticenter, double-blind, randomised, controlled study, 
results were positive but less dramatic than these of the 
anti-TNFa trials. They revealed an improvement in clini- 
cal disease as judged by the ACR criteria [72] and in joint 
destruction as determined by radiology [72-74]. This may 
be indicative of an important role of IL-1 in bone resorp- 
tion, already suggested by both in vitro and in vivo studies 
[15,75]. This agent has recently been approved by the Food 
and Drug Administration (FDA) in the USA for the treat- 
ment of RA. In animal models, there is evidence that block- 
ade of TNFa and IL-1 is synergistic [76], so it is possible 
that this may also be the case in humans. Such clinical trials 
are in progress. 

IL-6 has also been targeted in RA. In one study, admin- 
istration of a murine anti-human EL-6 neutralising antibody 
demonstrated a short-term improvement in clinical disease 
although the number of patients used was small [77], In an- 
other open-label study, administration of a humanised mon- 
oclonal anti-IL-6 receptor antibody improved the clinical 
symptoms of RA and normalised acute phase proteins within 
2 weeks [78]. Although the overall benefit of anti-IL-6 ther- 
apy was slower in onset than that seen with TNFa block- 
ade, it was significant, and randomised trials are underway 
to provide more information on its effects on inflammation 
and also in joint erosions and bone loss.The mechanism of 
action of anti-TNFa blockade has been studied in clinical 
trials using serum and synovial samples (Table 3). The first 
question that was addressed was the effect of anti-TNFa in 
the expression of other cytokines. Anti-TNFa rapidly de- 



the apex of the inflammatory cascade in vivo, confirming our 
previous observations in'vitro [14,23]. Second, anti-TNFa 
reduced the trafficking of leukocytes into the joints, directly 
demonstrated by using labelled cells [81]. This was due to 
down-regulation of the production of multiple chemokines 
and adhesion molecules [80,81,83]. Third, anti-TNFa inhib- 
ited angiogenesis in inflamed joints [84], a finding that may 
be partly due to the decrease in VEGF production [80]. Fi- 
nally, anti-TNFa reduced haematological abnormalities ob- 
served in RA patients such as anemia and elevated platelet 
counts through an unknown mechanism [85]. It is not known 
at the moment whether blockade of other cytokines can also 
affect these aspects of the disease, but it is likely that the 
widespread clinical effects are due to TNFa blockade inter- 
fering with multiple biological pathways. 



6. Anti-cytokine therapy in other autoimmune 
diseases 

The success of anti-TNFa in RA reported in October 
1992 catalysed the organisation and execution of clinical 
trials in a number of other autoimmune diseases in which 
similar mechanisms may operate. The first was in Crohn's 
disease, a chronic inflammatory disease where TNFa is 
also elevated together with many other cytokines. In an 
initial Phase I/II open-label study, a single infusion of the 
anti-TNFa blocking agent infliximab induced clinical and 
endoscopic improvement in 80% of the patients with active 
steroid-resistant disease [49] that persisted in 41% of the 
infliximab-treated patients compared to 12% of placebo con- 
trol patients [86]. In this study, infliximab reduced the endo- 
scopic disease activity and the inflammatory response in the 
mucosal layer [87-89]. In the light of the trials in RA, the 
effect of multiple infusions of infliximab were also exam- 
ined. It was found that in patients that initially responded to 
a single infusion of infliximab, 51% of the patients remained 
in remission for the duration of the study, compared to 21% 
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V 'An interesting observation made during treatment of 
Crohn's disease* patients with infliximab was that spondy- 
loarthropathies associated with the disease were also im- 
proved [91.]. This was paralleled by two open-label pilot 
studies in spondyloarthropathy patients (e.g. patients with 
ankylosing spondylitis and psoriatic arthritis), where in- 
fliximab was' shown to be effective in resistant disease, to 
improve both axial and peripheral arthritis, and to require 
multiple infusions for maintenance of the benefit [92-94], 
Recently, these observations have also been confirmed hi 
a similarly designed double-blind placebo-controlled study 

of die synovial lining layer, the vascularity, the activation 
of the endothelium and the extravasation of neutrophils and 
macrophages [95], As this is reminiscent of the effects of 
infliximab in RA, it suggests that TNFa is also of critical 
importance in these diseases. 
s uSfigSSSE^^ 

■ * The efficacy of etansrespt has beej^em 
. arthritis and psoriasis. *ff : a¥pt^^ 
afSrffifHurie^^ of Lhe 

paiSBK&DJto^ This led to its FDA ap- 

proval for this indication, feia&t?,^ 
i$pa§^^ disease 
acmSpK In both studies, psoriatic artlrri- 

was also reduced in these patients. Gun^n^y?: o;lhneaJ 




tho u-gh?4^ ^ ^^Si^f ' 

Tiii^rf^ At this point, 

it should be stressed that anti-TNFa treatment in not benefi- 
cial to all autoimmune diseases as trials in multiple sclerosis 
have not been encouraging. The administration of the TNFa 
blocking agent lenercept had no effect on brain leakage of 
patients assessed by gadolinium MRI scoring, the primary 
endpoint, but increased the frequency of relapses, the sec- 
ondary endpointof the trial [103]. The administration of in- 
fliximab resulted in an increased gadolinium, vascular leak 
in the brain of two patients, although it is impossible to in- 
terpret results in such a limited number of patients except to 
urge caution [104]. It is interesting from the cytokine biol- 
ogy point of view to speculate why MS is an exception. Our 
belief is that the benefit of anti-TNFa involves major effects 
on TNFa at the site of the disease. The blood brain barrier 
does not permit significant leakage of the large anti-TNFa 
biologicals (Af w > U>0 kDa) into die lesions in the brain, 
and hence, there is no benefit. There is now considerable ev- 
idence that chronic exposure to TNFa inhibits T ceil, func- 



tion as it interferes with T cell receptor signalling [105,106]. 
This implies that TNFa reduction in the periphery of MS 
patients may augment relapses 'as the T cell response would 
be augmented. TNFa can down-regulate IL-12 production 
too, so this may also favour relapses. 

7. Antiinflammatory cytokine therapy 
m autoimmunity 

An alternative approach to the ami-cytokine therapy to in- 
hibit pro-inflammatory cytokine production involves the use 
of immunoregulatory cytokines such as IL-4, IL-10, IL-1 1 
and IFN|3. In RA, the efficacy of 31.-10 or IL-11 has been 
tested. In two independent Phase I trials, administration 
ofJ[L : j0 ' or ]L " iI 1:0 P atients with actjve dis ease demon- 
strated no significant clinical improvement when comparer! 
to. placebo [107-109]. However, in an opcn-labeJ study in 
psoriasis, administration of IL-10 did ameliorate clinical 
disease in nine out. of 10 patients [1 10]. In a double-blind 
placebo-controlled study that fallowed, clinical benefit was 
mainly observed in the skin but not the arthritic disease 
activity [111,212]. This was due to the anti-inflammatory 
properties of IL-10 as JL-l'O-treated patients had reduced T 
cell and macrophage infiltration and angiogenics in the syn- 
ovium, and suppressed monocyte and Tbj function [J.22J. 

In contrast, the use of IFK(3 in MS has been met with 
success. Three preparations of IFNp have been docu- 
mented to provide benefit, Belaseroa® (iFNfMb), Avonex'* 
(IFNp-ln) andRebif^CIFWp-la). In a Phase HI double-blind 
placebo-controlled'trial of patients with relapsing-rcnriuiug 
MS, Bctascron® reduced MS attack frequency by 34% over 
the first 2 years and by approximately 30% over 5 yearn 
[113,1.14]. Severe MS attacks and mean attack duration 
were also reduced, as was steroid usage and MS-related 
hospitalisations. Annual .MRI scans and over a 5 years 
period showed up to 85% reduction in disease activ- 
ity (as measured by the plaque number and plaque s.ux) 
[115,116], Bctaseron® induced benefit in secondary pro- 
gressive MS too [117]. In a. 2 yean; placebo-controlled trial, 
Betaseron® reduced attack frequency by 33% and length- 
ened the median time of progression of disability by 38%. 
Betaseron® corrects several immune system abnormalities 
observed in MS such as increased IFN*v production and 
HLA-DR expression of circulating blood cells, and defi- 
cient function of CDS regulatory T lymphocytes [118], but 
whether this can explain its efficacy is not clean 

Anovcx® and Rebif^ were also found to be beneficial 
to MS patients in placebo-controlled trials [119,120]. They 
. both reduce attack frequency, disease activity and pro- 
gression of disability in rclapsing-rernitting disease. In a 
recently published double-blind, randomised, multicenter 
placebo-controlled study, Rebif® was also shown to reduce 
lesion progression and disease burden in progressive multi- 
ple sclerosis [121]. However, and although the results from 
the IFNP trials reinforce each other, it has been difficult to 



Mar-31-03 01:02pm From-info nj 



T-763 P. 010/016 F-517 



MI An^akos et aUCytokine & Gn>»* Factor Reviews 13 (2002) 299-313 



307 



make direct comparisons about their efficacy as the destgn 
of these trials (such as patient selection, primary Midpoints 
etc.) differed. IFNfJ preparations have now been approved 
for human use and are now a standard therapy for multiple 

sclerosis. 



8. Future prospects 

How can we progress from the current anti-cytokine 
therapy to develop novel therapies of increased efficacy/ 
Clearly with respect to RA, anti-TNFa works well as 
a monotherapy but optimal results are obtained when 
anti-TNFa blocking agents are administered in combina- 
tion with MTX [62,63,68,122]. There is increased efficacy 
and less side effects. This suggests that combination ther- 
apy may be a good approach to improve anti-TNFa in the 
Sure. Id experiments that we have perfumed in animal 
models of arthritis, the benefit from anti-TNFa therapy is 
further increased when combined with anti-T cell therapy. 
For example, co-administration of neutralising anti-TNFa 
antibodies with depleting anti-CD4 or anti-CD3 antibodies, 
or CTLA-4Ig fusion proteins, further ameliorates disease 
when compared with the anti-TNFa treatment only [123] 
(Williams, unpublished data). Thus, co-administration of T 



cell-depleting or T cell function-inhibitory agents may also 
benefit human RA. Several anti-rheumatic agents including 
cyclosporin and leflunomide that are known to be inhibitory 
to T cells [124,125] are candidates for combination ther- 
apy. Combination therapy has extensively been reviewed 

elsewhere [126]. 

The major drawback of anti-TNFa therapy and conse- 
quently additional therapies based on TNFa blocking agents, 
is the cost of treatment. The inconvenience of administenng 
anti-TNFa by injection, and the risk of increasing infections 
after chronic treatment are also drawbacks [127]. To design 
better therapeutic agents of lower cost and more convenient 
administration routes that specifically block the production 
of pathological TNFa without compromising the expression 
of physiological TNFa and immunoregulatory cytokines, we 
decided to investigate the intracellular signalling pathways 
that regulate TNFa but also other cytokines. We envisaged 
— 4h^at-s cms - s t age y the mechanisms leading . tQ TNfr* pft>- 
duction would differ between pathological and normal phys- 
iological conditions. 

First, we examined the role of NF-kB, an important tran- 
scription factor that can bind to the 5' promoter region of the 
TNFa gene as can AP-1 , NF-IL-6 and NF-AT. Using recom- 
binant adenoviruses as an efficient gene transfer technique to 
rheumatoid synovial cells that include macrophages, T cells 




Total cells (90%) 

CD3+ CD14- (80%) 
CD14+ CD3- (98%) 
CD3- CD14- (98%) 



untreated AdO AdlKBcc 



. - . -a « „-«i ^-n ™,ihtrp« u NF-KB-deDendent fa) More than 90% of rheumatoid synovial cells can be infected with 

Fig. 4. TNFa products m rheumaund synovia! cell ^ "^J^SS £ FACS Rheumatoid T cells, macrophage- and nbroblast-Iike ceils 
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Fig. 5. NF-kB is central to the regulation of inflammatory and destructive processes in the rheumatoid synovium. Therapeutics aimed at blocking NF-kB 
or upstream NF-kB -activating molecules constitute a promising new approach for the treatment of RA and possibly other chronic inflammatory diseases. 



and fibroblasts [128,129], we found that overexpression of 
IicBa, the natural inhibitor of NF-kB, inhibited TNFa pro- 



such as bronchoalveolar lavage tissue from fibrosing alve- 
olitis patients [139], and we are currently investigating the 
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rate-limiting for TNFa production in the rheumatoid syn 
ovium, an observation that is not always the case in other 
cells [130]. Interestingly, although NF-kB is also involved 
in the expression of other pro-inflammatory cytokines such 
as IL-1, IL-6 and IL-8, it is only minimally involved in the 
production of the immunoregulatory cytokines IL-10 and 
IL-1 1, or the release of soluble TNF receptors (Fig. 4). 

Similarly, NF-kB is required for the expression of 
MMP-1, MMP-3 and MMP- 13, enzymes that play a role 
in the destructive process of RA by breaking down human 
cartilage [131-133], but not TIMP-1, the inducible tissue 
inhibitor of MMP enzymatic action. Although it is not clear 
whether the effect of NF-kB inhibition on MMP production 
is due to a direct role of NF-kB on MMP gene expression 
or an indirect effect on cytokines inducing MMP expres- 
sion, these findings demonstrate that NF-kB is essential 
for both inflammatory and destructive processes of RA. 
As NF-kB is only minimally involved in the regulation of 
anti-inflammatory cytokines or TIMP-1, blocking NF-kB 
may be beneficial in RA as it may restore the cytokine equi- 
librium in the joint by reducing at the same time cartilage 
and bone damage (Fig. 5). Similar data have also been ob- 
tained from animal models of arthritis [134,135], providing 
compelling evidence about the role of NF-kB in inflamma- 
tory arthritis. Indeed, many conventional anti-inflammatory 
and anti-arthritic agents such as glucocorticoids, sodium 
salicylate and sulfasalazine are inhibitors of NF-kB and 
TNFa, suggesting that this could at least partially explain 
their therapeutic efficacy [136,137]. 

The means to inhibit NF-kB with specificity and safety 
are not yet available, but as many companies are working 
on NF-kB inhibitors, this may change in the near future. 
Determining the upstream signalling pathways that lead to 
NF-kB activation in disease states may also contribute to 
safety as it may allow the specific targeting of the patholog- 
ical NF-kB -activating molecules. In that respect, we have 
recently found that NF-KB-inducing kinase (NIK) is not 
involved in TNFa production in dissociated synovial mem- 
brane cultures [138] or other inflammatory disease tissue 



in that process. 

Another major pathway that controls inflammatory gene 
expression and is of relevance in therapy involves the action 
of mitogen-activated protein kinases (MAPKs). In human 
monocytes/macrophages, p54 MAPK controls TNFa pro- 
duction at the translational level [140], whereas p42/44 
MAPK regulates TNFa production at the transcriptional 
levels [141,142]. On the other hand, p38 MAPK affects 
TNFa expression at multiple levels that involve transcrip- 
tional, post-transcriptional and translational mechanisms 
[142-144]. In rat models of arthritis, PRP2O0765A, a novel 
p38 MAPK inhibitor reduces the incidence and progres- 
sion of arthritis [145], whereas SP600125, a novel p54 
MAPK inhibitor prevents radiological joint destruction but 
only modestly decreases paw swelling [146]. For optimal 
therapeutic efficacy, combinations of inhibitors of different 
MAPKs may be required. Clinical trials of p38 MAPK 
inhibitors in RA are underway, so their efficacy in humans 
will be evaluated soon. 



9. Conclusions 

The identification, cloning and study of cytokines and cy- 
tokine networks over the last two decades provided a novel 
family of therapeutic targets for the treatment of a whole 
range of autoimmune diseases. This is now being trans- 
lated to therapeutic benefit with TNFa blocking biologicals 
being approved and extensively used to treat rheumatoid 
arthritis and Crohn's disease patients (with >200,000 pa- 
tients treated by the end of 2001), and looking promising 
for the treatment of other related diseases such as psoriasis 
and spondyloarthropathies. Durability of the benefit, safety 
and pharaiacoeconomic issues will determine whether this 
early success will prove to be a major breakthrough to 
treatment of these painful and incurable diseases. The im- 
petus to further research of these successes augurs well for 
the future. 



C 



Mar-3]-03 01 :05pm From-info nj 2. 

EX Andrtakos et al./Cytokine & Growth 

Acknowledgements 

This work was supported by the Arthritis Research 
Campaign and the Wellcome Trust. 



References 

f 1] Oppenheim JJ. Feldmann M, editors. A compedium of cytokines 

Si other mediators of host defense. Cytokine Reference, vol. I 

(ligands). New York: Academic Press. 2001. 
[21 Ermann J, Fathman CO. Autoimmune diseases: genes, bugs and 

failed regulation. Nat Immunol 2001;2(9):759-61. 
[3] Wanstra, A. Wakeland E. The genetics of complex a~une 

diseases: non-MHC susceptibility genes. Nat Immunol 2001,2(9). 

802—9 

[4] Whitacre CC. Sex differences in autoimmune disease. Nat Immunol 
2001;2(9):777-80. 

[51 Silman fiT . VM i Qvwn AJ - , Thomson W .- et d . ^ . vin - noiKOtrianoe . 



Factor Reviews 13 (2002) 299-313 



T-763 P. 012/016 F-517 



309 



suman aj, mwiw^w ™. * - - . . - 

rates for rheumatoid arthritis: results from a nation-wide study. Br 
J Rheumatol 199332(10)503-7. 
[6] Feldmann M. Pathogenesis of arthritis: recent research progress. 

Nat Immunol 2001;2(9):77l-3. 
[7] Owens T, Wekerle. H, Antel J. Genetic models for CNS 

inflammation. Nat Med 2001 ;7(2): 161-6. 
[8] Falcone M. Sarvetnick N. Cytokines that regulate autoimmune 

responses. Curr Opin Immunol 1999;1 1(6):670-6. 
[9] Feldmann M. Brennan FM, Maini RN. Role of cytokines in 

rheumatoid arthritis. Annu Rev Immunol 1996;14:397-440. 
[101 Chu CQ Field M, Feldmann Maini RN. Localization of tumor 
necrosis factor alpha in synovial tissues and at the carulage-pannus 
junction in patients with rheumatoid arthritis. Arthnns Rheum 
1991;34(9):1 125-32. . 
[1 1] Wood NC, Dickens E, Symons JA, Duff GW. In situ hybridization 
of interleukin-1 in CD14-positive cells in rheumatoid arthritis. Clin 
Immunol Immunopathol l992;62(3):295-300. 
ri2] Brennan FM. Chantry D, Jackson AM, Maini RN, Feldmann M 
Cytokine production in culture by cells isolated from the synovial 
membrane. J Autoimmun 1 989 ;2(Suppl): 177-86. 
[131 Feldmann M, Maini RN. Anu-TNF alpha therapy of rheumatoid 
arthritis: what have we learned? Annu Rev Immunol 2001;19:163- 
96. 

[14] Brennan FM. Chantry D, Jackson A. Maini R, Feldmann M. 
Inhibitory effect of TNF alpha antibodies on synovial cell 
interleukin-1 production in rheumatoid arthritis. Lancet 1989; 
2(8657):244-7. 

[15] Gowen M, Wood DD, Ihrie EJ, McGuire MK, Russell RG. An 
interleukin I like factor stimulates bone resorption in vitro. Nature 
1983;306(5941):378-80. 

[161 Saklatvala J. Sarsfield SJ, Townsend Y. Pig interleukin 1: 
purification of two immunologically different leukocyte proteins 
that cause cartilage resorption, lymphocyte activation, and fever. J 
Exp Med !985;l62(4):l208-22. 

[17] Schindler R, Ghezzi P, Dinarello CA. IL-1 induces IL-1. IV. 
IFN-gamma suppresses IL-1 but not Upopolysaccharide-induced 
transcription of IL-1. J Immunol 1990;144<6):2216-2Z 
[18] Chantry D, Turner M, Brennan F, Kingsbury A. Feldmann M. 
Granulocyte-macrophage colony stimulating factor induces both 
HLA-DR expression and cytokine production by human monocytes. 
Cytokine 1990;2(l):6O-7. 
[19] Burchett SK, Weaver WM, Wesiall JA, Larsen A, Kronheim S, 
Wilson CB. Regulation of tumor necrosis factor/cachectin and 
IL-1 secretion in human mononuclear phagocytes. J Immunol 
1988;140(10):3473-B1. 



[20] Chantry D, Winearls CG, Maini RN, Feldmann M. Mechanism of 
immune complex-mediated damage: induction of interleukin 1 by 
immune complexes and synergy with interferon-gamma and tumor 
necrosis factor-alpha. Eur J Immunol l989;l9(l):189-92. 
[211 Isler P, Vey E, Zhang JH, Dayer JM. Cell surface glycoproteins 
expressed on activated human T cells induce production of 
interleukin-1 beta by monocytic cells: a possible role of CD69. Eur 
Cytokine Networks l993;4(l):15-23. 
[22] Butler DM, Maini RN. Feldmann M. Brennan FM, Modulation 
of pro-inflammatory cytokine release in rheumatoid synovial 
membrane cell cultures. Comparison of monoclonal ann-TNF-alpna 
antibody with the interleukin-l receptor antagonist. Eur Cytokine 
Networks l995;6(4):225-30. 
[23] Haworth C, Brennan FM. Chantry D, -Rimer M, Maim RN. 
Feldmann M. Expression of granulocyte-macrophage colony- 
stimulating factor in rheumatoid arthritis: regulation by tumor 
necrosis factor-alpha. Eur J Immunol 1991;21(10):2575-9. 
[24] Alvaro-Gracia JM. Zvaifler NJ. Brown CB, Kaushansky K, 
Firestein GS. Cytokines in chronic inflammatory arthritis. VI. 
Analysis of the synovial cells involved in granulocyte-macrophage 
^inny-^nmlating factor production • and gene expression m 



rheumatoid arthritis and its regulation by IL-1 and tumor necrosis 
factor-alpha. J Immunol 1991; 146(1 0):3365-71. 
[25] Thorbecke GJ, Shah R, Leu CH, Kuruvilla AP. Hardison AM, 
Palladino MA. Involvement of endogenous tumor necrosis factor 
alpha and transforming growth factor beta during induction of 
collagen type U arthritis in mice. Proc Natl Acad Sci USA 
1992;89(l6):7375-9. 
[26] Williams RO, Feldmann M, Maini RN. Anti-tumor necrosis factor 
ameliorates joint disease in murine collagen-induced arthritis. Proc 
Nad Acad Sci USA l992;89(20):9784-8. 
[27] Piguet PF, Grau GE, Vesin C Loetscher H, Gentz R, Lesslauer 
W Evolution of collagen arthritis in mice is arrested by treatment 
with anti-tumour necrosis factor (TNF) antibody or a recombinant 
soluble TNF receptor. Immunology 1992;77(4):510-4. 
[28] Wooley PH, Dutcher J, Widmer MB. Gillis S. Influence of a 
recombinant human soluble tumor necrosis factor receptor Fc fusion 
protein on type II collagen-induced arthritis in mice. J Immunol 
1993;151(H):6602-7. 
[29] Keffer J, Probcrt L, Cazlaris H. et al. Transgenic mice expressing 
human tumour necrosis factor, a predictive genetic model of 
arthritis. EMBO J 1991; 10(1 3):4025-31. 
[30] Probert L, Plows D, Kontogeorgos G, Kollias G. The type I 
interieukin-1 receptor acts in series with tumor necrosis factor 
(TNF) to induce arthritis in TNF-transgenic mice. Eur J Immunol 
1995;25(6):1794-7. 
[31] Fong Y. Tracey KJ, Moldawer LL, et al. Antibodies to 
cachectin/tumor necrosis factor reduce interleukin 1 beta and 
interleukin 6 appearance during lethal bacteremia. J Exp Med 1989; 
170(5): 1627-33. 

[32] Katsikis PD, Chu CQ. Brennan FM, Maini RN, Feldmann M. 
Immunoregulatory role of interleukin 10 in rheumatoid arthritis. J 
Exp Med l994;179(5):1517-27. 

[33] Joyce DA, Gibbons DP, Green P, Steer JH, Feldmann M, 
Brennan FM. Two inhibitors of pro-inflarnrnatory cytokine release, 
interieukin-10 and interleukin-4, have contrasting effects on release 
of soluble p75 tumor necrosis factor receptor by cultured monocytes. 
Eur J Immunol 1994;24(1 1):2699-705. 

[34] de Waal Malefyt R, Abrams J, Bennett B, Figdor CG, de Vries 
JE. Interleukin 10 (IL-10) inhibits cytokine synthesis by human 
monocytes: an autoregulatory role of TL-10 produced by monocytes. 
J Exp Med 1991;174(5):1209-20. 

[35] Hermann JA. Hall MA, Maini RN, Feldmann M. Brennan 
FM. Important immunoregulatory role of interleukin-1 1 in the 
inflammatory process in rheumatoid arthritis. Arthritis Rheum 
1998;4l(8): 1388-97. 



Mar-31-03 



01 :06pm FronHnfo nj 2 



T-763 P. 013/016 F-517 



310 



£.7: Andreakos et at. /Cytokine & Growth Factor Reviews J 3 (2002) 299-313 



[36] Cope AP, Aderka D, Doherty M, et al. Increased levels of 
soluble tumor necrosis factor receptors in the sera and synovial 
fluid of patients with rheumatic diseases. Arthritis Rheum 1992; 
35(10):l 160-9. 

[37] Roux-Lombard P, Modoux C, Vischcr T, Grassi J, Dayer JM. 
Inhibitors of inter leu kin 1 activity in synovial fluids and in 
cultured synovial fluid mononuclear cells. J Rheumatol 1992; 19(4): 
517-23. 

[38] Firestein GS, Berger AE, Tracey DE, et al. IL-1 receptor antagonist 
protein production and gene expression in rheumatoid arthritis and 
osteoarthritis synovium. J Immunol 1992;! 49(3): 1054-62. 

[39] Deleuran BW, Chu CQ, Field M. et al. Localization of 
interleukin- 1 alpha, type 1 interleukin-1 receptor and interleukin-1 
receptor antagonist in the synovial membrane and cartilage-pannus 
junction in rheumatoid arthritis. Br J Rheumatol 1992;31(12): 
801-9. 

[40] Marok R, Winyard PG, Coumbe A, et al. Activation of the 
transcription factor nuclear factor-kappa B in human inflamed 
synovial tissue. Arthritis Rheum 1996;39(4):583-91. 



[41] Sioud M, Mellbye O. Forre O. Analysis of the NF-kappa B p65 
subunit. Fas antigen, Fas ligand and Bcl-2-related proteins in the 
synovium of RA and polyarticular JRA. Clin Exp Rheumatol 
1998;16(2):125-34. 

[42] Elenkov IJ, Wilder RL, Bakalov VK, et al. IL-12, TNF-alpha, 
and hormonal changes during late pregnancy and early postpartum: 
implications for autoimmune disease activity during these times. J 
Clin Endocrinol Metab 2001;86(10):4933~8. 

[43] Mullin GE. Lazenby AJ, Harris ML. Bay less TM, James 
SP. Increased interleukin-2 messenger RNA in the intestinal 
mucosa] lesions of Crohn's disease but not ulcerative colitis. 
Gastroenterology 1992;102(5):1620-7. 

[44] Montelcone G, Biancone L, Marasco R, et al. Interleukin 12 
is expressed and actively released by Crohn's disease intestinal 
lamina propria mononuclear cells. Gastroenterology 1997;1I2(4): 
1169-78. 

[45] Fiocchi C. Inflammatory bowel disease: etiology and pathogenesis. 

Gastroenterology 1 998; 1 15(1): 182-205. 
[46] Noguchi M, Hiwatashi N, Liu Z, Toyota T. Secretion imbalance 

between tumour necrosis factor and its inhibitor in inflammatory 

bowel disease. Gut 1998;43(2):203-9. 
[47] Autschbach F, Braunstein J, Helmke B, et al. In situ expression 

of interleukin- 10 in noninflamed human gut and in inflammatory 

bowel disease. Am J Pathol 1998; 153(1): 121-30. 
[48] Schreiber S, Heinig T, Thiele HG, Raedler A. Immunoregulatory 

role of interleukin 10 in patients with inflammatory bowel disease. 

Gastroenterology 1995; 108(5): 1434-44. 
p5] van Dullemen HM, van Deventer SJ, Hommes DW, et al. Treatment 

of Crohn's disease with anti-tumor necrosis factor chimeric 
jjpmonoclonal antibody (cA2). Gastroenterology 1995; 109(1): 129-35. 
Jj|] Rutgeerts P, D'Haens G, Targan S, et al. Efficacy and safety of 

retreatment with anti-tumor necrosis factor antibody (infliximab) 

to maintain remission in Crohn's disease. Gastroenterology 

1999;117(4):761-9. 
[51] Grubeck-Loebenstein B, Buchan G, Chantry D, et al. Analysis of 

intrathyroidal cytokine production in thyroid autoimmune disease: 

thyroid follicular cells produce interleukin-1 alpha and interleukin-6. 

Clin Exp Immunol 1989;77(3):324-30. 
[52] Grubeck-Loebenstein B. The role of cytokines in thyroid health 

and disease. In: Brennan FM, Feldmann M, editors. Cytokines in 

autoimmunity. London: R.G. Landes Company, 1996. p. 101-20. 
[53] Weetman AP, McGregor AM. Autoimmune thyroid disease: 

further developments in our understanding. Endocrinol Rev 

1994;15(6):788-830. 
[54] Skopouli FN, Moutsopoulos HM. Cytokines in Sjogren's syndrome. 

In: Brennan FM, Feldmann M, editors. Cytokines in autoimmunity. 

London: R.G. Landes Company, 1996. p. 121-36. 



[55] Smolen JS, Graninger WB, Studnicka-Benke A, Steiner G. 

Cytokines in systemic lupus erythematosus. In: Brennan FM. 

Feldmann M, editors. Cytokines in autoimmunity. London: R.G. 

Landes Company, 1996. p. 137-52. 
[56] Theofilopoulos AN, Lawson BR, Tumour necrosis factor and other 

cytokines in murine lupus. Ann Rheum Dis 1999;58(Suppl 1): 

149-55. 

[57] Baker D, Steinmann L, Gijbels K. Cytokines in multiple sclerosis. 
In: Brennan FM, Feldmann M, editors. Cytokines in autoimmunity. 
London: R.G. Landes Company, 1996. p. 77-100. 
[58] Brennan FM, Feldmann M. Cytokines in autoimmunity. London: 

R.G. Landes Company, 1996. 
[59] Knight DM, Trinh H, Le J, et al. Construction and initial 
characterization of a mouse-human chimeric anti-TNF antibody. 
Mol Immunol 1993;30(16):1443-53. 
[60] Elliott MJ, Maini RN, Feldmann M, et al. Treatment of rheumatoid 
arthritis with chimeric monoclonal antibodies to tumor necrosis 
factor alpha. Arthritis Rheum 1993;36(12): 168 1-90. 
[61] Elliott MJ, Maini RN, Feldmann M, et al. Repeated therapy 



with monoclonal antibody to tumour necrosis factor alpha (cA2) 
in patients with rheumatoid arthritis. Lancet 1994; 344(8930): 
1125-7. 

[62] Maini R, St Clair EW, Brcedveld F, et al. Infliximab (chimeric 
anti-tumour necrosis factor alpha monoclonal antibody) versus 
placebo in rheumatoid arthritis patients receiving concomitant 
methotrexate: a randomised Phase III trial. ATTRACT Study Group. 
Lancet l999;354(9194):1932-9. 

[63] Lipsky PE, van der Heijde DM, St Clair EW, et al. Infliximab and 
methotrexate in the treatment of rheumatoid arthritis. Anti-tumor 
necrosis factor trial in rheumatoid arthritis with Concomitant 
Therapy Study Group. N Engl J Med 2000;343(22): 1594-602. 

[64] Bathon JM, Martin RW, Fleischrnann RM, et al. A comparison 
of etanercept and methotrexate in patients with early rheumatoid 
arthritis. N Engl J Med 2000;343(22): 1586-93. 

[65] Kempeni J. Update on D2E7: a fully human anti-tumour necrosis 
factor alpha monoclonal antibody. Ann Rheum Dis 2000;59(Suppl 
l):i44-5. 

[66] Arend WP, Dayer JM. Inhibition of the production and effects of 
interleukin- 1 and tumor necrosis factor alpha in rheumatoid arthritis. 
Arthritis Rheum 1 995;38(2): 151-60. 

[671 Moreland LW, Baumgartner SW, Schiff MH, et al. Treatment of 
rheumatoid arthritis with a recombinant human tumor necrosis 
factor receptor (p75)-Fc fusion protein. N Engl J Med 1997;337(3): 
141-7. 

[68] Weinblatt ME, Kremer JM, Bankhurst AD, et al. A trial of 
etanercept, a recombinant tumor necrosis factor receptor-Fc fusion 
protein, in patients with rheumatoid arthritis receiving methotrexate. 
N Engl J Med 1999;340(4):253-9. 

[69] Moreland LW, Schiff MH, Baumgartner SW, et al. Etanercept 
therapy in rheumatoid arthritis. A randomised, controlled trial. Ann 
Intern Med 1999;130(6):478-86. 

[70] Davis MW, Feige U, Bendeie AM, Martin SW. Edwards III 
CK. Treatment of rheumatoid arthritis with PEGylated recombinant 
human soluble tumour necrosis factor receptor type I: a clinical 
update. Ann Rheum Dis 2000;59(Suppl I):i41-3. 

[71] Sander O, Rau R, van Riel P, et al. Neutralization of TNF by 
Leriercept (TNFR55-IgGl, Ro 45-2081) in patients with rheumatoid 
arthritis treated for 3 months: results of a European Phase n trial. 
Arthritis Rheum 1996;39(Suppl):S243. 

[72] Bresnihan B, Alvaro-Gracia JM, Cobby M, et aL Treatment of 
rheumatoid arthritis with recombinant human interleukin-1 receptor 
antagonist. Arthritis Rheum 1 998;41{ 1 2):2 196—204. 

[73] Jiang Y, Genant HK, Watt 1, et al. A mulucenter, double-blind, 
dose-ranging, randomised, placebo-controlled study of recombinant 
human interleukin- 1 receptor antagonist in patients with rheumatoid 
arthritis: radiologic progression and correlation of Genant and 
Larsen scores. Arthritis Rheum 2000:43(5): 100 1-9. 



Mar-31 -03 01:07pm Frotn-info nj 2 



E.T. Andreakos et al./ Cytokine A Growth Factor Reviews 13 (2002) 299-313 



T-763 P. 014/016 F-517 



311 



[74] Watt I, Cobby M. Treatment of rheumatoid arthritis patients with 
interleukin-1 receptor antagonist: radiologic assessment. Semin 
Arthritis Rheum (Suppl 2) 20013 0(5): 2 1-5. 
[75] Boyce BF, Aufdemorte TB, Garrett IR, Yates AJ, Mundy GR. 
Effects of interleukin-1 on bone turnover in normal mice. 
Endocrinology 1989; 125(3): 1142-50. 
[761 Feige U, Hu YL, Gasser J. Campagnuolo G, Munyaxazi L, 
Bolon B. Anti-interleukin-I and anti-tumor necrosis factor-alpha 
synergistically inhibit adjuvant arthritis in Lewis rats. Cell Mol Life 
Sci 2000;57(10):1457-70. 
[77] Wendling D. Racadot E, Wijdenes J. Treatment of severe rheumatoid 
arthritis by anti-interleukin 6 monoclonal antibody. J Rheumatol 
1993;20(2):259-62. 
[78] Yoshizaki K, Nishimoto N, Mihara M, Kishimoto X Therapy 
of rheumatoid arthritis by blocking IL-6 signal transduction 
with a humanised anti-IL-6 receptor antibody. Springer Semin 
Immunopathol l998;20(l/2):247-59. 
[79] Lorenz HM, Antoni C, Valerius T, et al. In vivo blockade of 
TNF-alpha by intravenous infusion of a chimeric monoclonal 
TNF-alpha antibody in patients with rheumatoid arthritis. Short-term 
cellular and molecular effects. J Immunol 1996,156(4): 1646-53. 



[92] Van den Bosch F, Kruithof E, Baeten D, De Keyser F, Mielants 
H, Veys EM. Effects of a loading dose regimen of three infusions 
of chimeric monoclonal antibody to tumour necrosis factor alpha 
(infliximab) in spondyloarthropathy: an open pilot study. Ann 
Rheum Dis 2000^9(6) :428-33. 

[93] Brandt J, Haibel H, Comely D, et al. Successful treatment of 
active ankylosing spondylitis with the anti-tumor necrosis factor 
alpha monoclonal antibody infliximab. Arthritis Rheum 2000 ;43 (6): 
1346-52. 

[94] Van ben Bosch F. Beaten D, Kruithof F, De Keyser F, Mielants H, 
Veys EM. Treatment of active spondyloarthropathy with infliximab, 
the chimeric monoclonal antibody to tumour necrosis factor a. Ann 
Rheum Dis 2001;60(Suppl):iii33-6. 

[95] Baeten D, Kruithof E, Van den Bosch F, et al. Immunomodulatory 
effects of anti-rumor necrosis factor alpha therapy on synovium in 
spondylarthropathy: histologic findings in eight patients from an 
open-label pilot study. Arthritis Rheum 2001 ;44( I): 186-95. 

[96] Gorman JD, Sack KE» Davis JC. Etanercept in the treatment 
of ankylosing spondylitis: a randomised, double-blind* placebo- 
controlled study [abstr.l. Arthritis Rheum 2000;43(Suppl):S403. 



. [97] Luv e ii DJ, Giunii i n i EH, ReifT A, et al: Bumeiuept in ulilldftai Willi 
polyarticular juvenile rheumatoid arthritis: Pediatric Rheumatology 
Collaborative Study Group. N Engl J Med 20OO;342(i I):763-9. 

[98] Mease PJ, Goffe BS, Metz J, VanderStoep A, Finck B, Burge DJ. 
Etanercept in the treatment of psoriatic arthritis and psoriasis: a 
randomised trial. Lancet 200O;356(9227):385-9O. 

[99] Stone J, Uhlfelder M, Hellmann D, Crook S, Bedocs N, Hoffman 
G. Etanercept in Wegener's granulomatosis: a 6 months open-label 
trial evaluate safety [abstr.J. Arhtritis Rheum 2000;43(Suppl): 
S404. 

[100] Weinblatt ME, Maier AL, Overmann SS, Mease PJ, Fraser PA, 
Gravallese EM. Etanercept in Still's disease in the adult [abstr.]. 
Arhtritis Rheum 2000;43(Suppl):S391. 

[101] Hengstman G, van den Hoogen F, ven Engelen B, et al. 
Anti-TNF blockade with infliximab (Remicade®) in polymyositis 
and dermatomyositis [abstr.]. Arhtritis Rheum 2OO0;43(Suppl):S193. 

[102] Ell man MH, MacDonald PA, Hayes FA. Etanercept as treatment 
for diffuse scleroderma: a pilot study [abstr.]. Arhtritis Rheum 
2000;43(Suppl):S392. 

[103] Anonymous. TNF neutralization in MS: results of a randomised, 
placebo-controlled multicenter study. The Lenercept Multiple 
Sclerosis Study Group, and the University of British Columbia 
MS/MRI Analysis Group. Neurology 1999;53(3):457-65. 

[104] van Oosten BW, Barkhof F, Truyen L, et al. Increased MR! activity 
and immune activation in two multiple sclerosis patients treated with 
the monoclonal anti-tumor necrosis factor antibody cA2. Neurology 
1996;47(6):I53I-4. 

[105] Cope AP, Liblau RS, Yang XD, et al. Chronic tumor necrosis factor 
alters T cell responses by attenuating T cell receptor signalling. J 
Exp Med 1997;185(9):1573-84. 

[106] Cope AP, Londei M, Chu NR, et al. Chronic exposure to tumor 
necrosis factor (TNF) in vitro impairs the activation of T cells 
through the T cell receptor/CD3 complex; reversal in vivo by 
anti-TNF antibodies in patients with rheumatoid arthritis. J Clin 
Invest 1994;94(2):749-60. 

[107] Maini RN, Paulus H, Breedveld FC, et al. The rhuIL-10 in subjects 
with active rheumatoid arthritis (RA): a Phase I and cytokine 
response study [abstr.]. Arhtritis Rheum 1997;40:S224. 

[108] Moreland LW, Chase W, Fife R, et al. Phase I/II study evaluating 
the safety and potential efficacy of recombinant interleukin-1 1 
in patients with refractory rheumatoid arthritis. Arthritis Rheum 
1999;42(SuppI):224. 

[109] Moreland L, Gugliotti R, King K, et al. Results of a Phase I/II 
randomised, masked, placebo-controlled trial of recombinant human 
interleukin-1 1 (rhIL-11) in the treatment of subjects with active 
rheumatoid arthritis. Arthritis Res 2001;3(4):247-52. 



[80] Paleolog EM, Young S, Stark AC, McCloskey RV, Feldmann M, 
Maini RN. Modulation of angiogenic vascular endothelial growth 
factor by tumor necrosis factor alpha and interleukin-1 in rheumatoid 
arthritis. Arthritis Rheum 1998;4 1(7): 1258-65. 

[81] Taylor PC, Peters AM, Paleolog E, et al. Reduction of chemokine 
levels and leukocyte traffic to joints by tumor necrosis factor alpha 
blockade in patients with rheumatoid arthritis. Arthritis Rheum 
2000;43(t):38-47. 

[82] Charles P, Elliott MJ. Davis D. et al. Regulation of cytokines, 
cytokine inhibitors, and acute-phase proteins following anti-TNF- 
alpha therapy in rheumatoid arthritis. J Immunol 1999; 163(3): 
152I-S. 

[83] Tak PP, Taylor PC, Breedveld FC, et al. Decrease in cellularity 
and expression of adhesion molecules by anti- tumor necrosis factor 
alpha monoclonal antibody treatment in patients with rheumatoid 
arthritis. Arthritis Rheum 1996;39(7): 1077-81. 

[84] Ballara S, Taylor PC, Reusch P, et al. Raised serum vascular 
endothelial growth factor levels are associated with destructive 
change in inflammatory arthritis. Arthritis Rheum 2001;44(9): 
2055-64. 

[85] Davis D, Charles PJ, Potter A, Feldmann M, Maini RN, Elliott 
MJ. Anaemia of chronic disease in rheumatoid arthritis: in vivo 
effects of tumour necrosis factor alpha blockade. Br J Rheumatol 
1997;36(9):950-6. 

[86] Targan SR, Hanauer SB, van Deventer SJ, et al. A short-term study 
of chimeric monoclonal antibody c A2 to tumor necrosis factor alpha 
for Crohn's disease. Crohn's Disease cA2 Study Group. N Engl J 
Med 1997:337(15): 1029-35. 

[87] D'Haens G, Van Deventer S, Van Hogezand R, et al. Endoscopic 
and histological healing with infliximab anti-tumor necrosis factor 
antibodies in Crohn's disease: a European multicenter trial. 
Gastroenterology 1999;1 16(5): 1029-34. 

[88] Baert FJ, D'Haens GR, Peelers M, et al. Tumor necrosis factor 
alpha antibody (infliximab) therapy profoundly down -regulates 
the inflammation in Crohn's ileocolitis. Gastroenterology 
1999;116(l):22-8. 

[89] Rutgeerts P, D'Haens G, van Deventer SJ. Retreatment with 
anti-TNFa chimeric antibody (cA2) effectively maintains cA2- 
induced remission in Crohn's disease [abstr.]. Gastroenterology 
1997;112:al078. 

[90] Present DH, Rutgeerts P, Targan S, et al. Infliximab for the 
treatment of fistulas in patients with Crohn's disease. N Engl J 
Med 1999;340(18): 1398-405, 

[91] Van den Bosch F, Kruithof E, De Vos M, De Keyser F, Mielants 
H. Crohn's disease associated with spondyloarthropathy: effect of 
TNF-alpha blockade with infliximab on articular symptoms. Lancet 
2000;356(9244):1821-2. 



Mar-31-03 01 :08pm From-info nj 



T-763 P. 015/016 F-517 



312 



ET Andreakos et ai/Qytokine & Growth Factor Reviews 13 (2002) 299-313 



[1 101 Asadullah K, Docke WD, Ebeling M, et al. Interleukin 10 treatment 
of psoriasis: clinical results of a Phase H trial. Arch Dermatol 
l999;135(2);187-92. 

[Ill] Asadullah K, Docke WD, Ebeling M, et al. Interleukin 10 treatment 
of psoriasis: clinical results of a. Phase H trial. Arch Dermatol 
1999; 135(2): 187-92. 

[112]McInnes IB, Mei GG, Danning CL, et al. IL-10 improves 
skin disease and modulates endothelial activation and leukocyte 
effector function in patients with psoriatic arthritis. J Immunol 
2001;167(7):4075-82. 

[113] Anonymous. Interferon beta-lb is effective in relap sing-remitting 
multiple sclerosis. I. Clinical results of a mulucenter, randomised, 
double-blind, placebo- controlled trial. The IFNB Multiple Sclerosis 
Study Group. Neurology 1993;43:655-61. 

[114] Anonymous. Interferon beta- lb in the treatment of multiple 
sclerosis: final outcome of the randomised controlled trial. The 
IFNB Multiple Sclerosis Study Group and the University of 
British Columbia MS/MRI Analysis Group. Neurology 1995;45(7): 
1277-85. 

[115]Paty DW, Li DK. Interferon beta- lb is effective in rclapsing- 

rcsuto of a 



icmiltiiig 1 multiple — sclerosis. — II. MRI ant 

multicenter. randomised, double-blind placebo-controlled trial. 
Neurology 1993 ;43 (4): 662-7. 
[116] Stone LA, Frank JA, Albert PS. et al. The effect of interferon-beta on 
blood-brain barrier disruptions demonstrated by contrast-enhanced 
magnetic resonance imaging in relapsing-remitting multiple 
sclerosis. Ann Neurol l995;37(5):611-9. 
[1 17] Anonymous. Placebo-controlled multicentre randomised trial of 
interferon beta- lb in treatment of secondary progressive multiple 
sclerosis. European Study Group on Interferon Beta- lb in Secondary 
Progressive MS. Lancet 1998;352:1491-7. 
[118] Arnason BG, Dayal A, Qu ZX, Jensen MA, Gene FC, Reder 
AT. Mechanisms of action of interferon-beta in multiple sclerosis. 
Springer Semin Immunopatbol 1996; 18(1): 125-48. 
[119] Jacobs LD, Cookfair DL, Rudick RA, ct al. Intramuscular interferon 
beta- la for disease progression in relapsing muluple sclerosis. The 
Multiple Sclerosis Collaborative Research Group (MSCRG). Ann 
Neurol 199 6; 39(3): 2 85 -94. 
[120] Anonymous. Randomised double-blind placebo-controlled study 
of interferon beta- la in relapsing/remitting multiple sclerosis. 
Prevention of Relapses and DisabiUty by Interferon Beta- la Sub- 
cutancously in Multiple Sclerosis (PRISMS) Study Group. Lancet 
1998;352:1498-1504. 
[121] Li DK, Zhao GJ, Paty DW. Randomised controlled trial of 
interferon-beta- la in secondary progressive MS: MRI results. 
Neurology 2001 ;56(11): 1505-13. 
[122] Maini RN, Breedveld FC, Kalden JR, et al. Therapeutic efficacy of 
multiple intravenous infusions of an ti -tumor necrosis factor alpha 
monoclonal antibody combined with low-dose weekly methotrexate 
in rheumatoid arthritis. Arthritis Rheum 1998;4 1(9): 1552-63. 
[123] Williams RO, Mason LJ, Feldmann M, Maini RN. Synergy between 
anti-CD4 and anti-tumor necrosis factor in the amelioration of 
established collagen-induced arthritis. Proc Natl Acad Sci USA 
1994;9l(7):2762-6. 
[124] Zeidler HK, Kvien TK, Hannonen P, et al. Progression of joint 
damage in early active severe rheumatoid arthritis during 18 months 
of treatment: comparison of low-dose cyclosporin and parenteral 
gold. Br J Rheumatol 1998; 37(8): 8 74-8 2. 
[125] Sharp JT, Strand V, Leung H, Hurley F. Loew-Friedrich I. 
Treatment with leflunomide slows radiographic progression of 
rheumatoid arthritis: results from three randomised controlled 
trials of leflunomide in patients with active rheumatoid arthritis. 
Leflunomide Rheumatoid Arthritis Investigators Group. Arthritis 
Rheum 2000;43(3):495-505. 
[126] Feldmann M, Miotla J, Paleolog E, et al. Future prospects for 
anti-cytokine treatment. Ann Rheum Dis 2000;59(Suppl l):i 119-22. 



[127] Keane J, Gershon S, Wise RP, et al. Tuberculosis associated with 
infliximab, a tumor necrosis factor alpha-neutralising agent. N Engl 
J Med 2001;345(15):1098-lO4. 

[128] Foxwell B. Browne K. Bondeson J, et al. Efficient adenoviral 
infection with I-kappa B alpha reveals that macrophage tumor 
necrosis factor alpha production in rheumatoid arthritis is NF-kappa 
B dependent Proc Natl Acad Sci USA 1998;95(14):8211-5. 

[129] Bondeson J, Foxwell B, Brennan F, Feldmann M. Defining 
therapeutic targets by using adenovirus: blocking NF-kappa 
B inhibits both inflammatory and destructive mechanisms in 
rheumatoid synovium but spares anti-inflammatory mediators. Proc 
Natl Acad Sci USA I999;96(10):566S-73. 

[130] Bondeson J, Browne KA, Brennan FM, Foxwell BM, Feldmann 
M. Selective regulation of cytokine induction by adenoviral gene 
transfer of I-kappa B alpha into human macrophages: lipopoly- 
saccharide-induced, but not zymosan-induced, pro-inflammatory 
cytokines are inhibited, but IL-10 is nuclear factor-kappa B 
independent J Immunol 1999;162(5):2939-45. 

[131] Knauper 'V, Cowell S, Smith B, et al. The role of the C-terminal 
domain of human colIagenase-3 (MMP-13) in the activation 
of procolIagenase-3. substrate specificity, and tissue inhibitor of 



metalloproteinase interaction. J Biol Chem 1997272(12): 7608- 1 6. 
[132] Matrisian LM. Metallop'roteinases and their inhibitors in matrix 

remodeling. Trends Genet 1 990 ;6 (4): 121-5. 
[133] Cowell S, Knauper V, Stewart ML, et al. Induction of matrix 
metalloproteinase activation cascades based on membrane- type 1 
matrix metalloproteinase: associated activation of gelaunase A, 
gelatinase B and collagenase 3. Biochem J l998;331(Pt 2):453-8. 
[134] Miagkov AV, Kovalenko DV, Brown CE, et al. NF-kappa B 
activation provides the potential link between inflammation and 
hyperplasia in the arthritic joint, Proc Natl Acad Sci USA 
l998;95(23):13859-64. 
[135] Palombella VJ, Conner EM, Fuseler JW, et al. Role of the 
proteasome and NF-kappa B in streptococcal cell wall-induced 
polyarthritis. Proc Natl Acad Sci USA 1998;95(26):I5671-6. 
[136] Epinat JC, Gilmore TD. Diverse agents act at muluple levels to 
inhibit the Rel/NF-kappa B signal transduction pathway. Oncogene 
I999;l8(49):6896-909. 
[137] Malfait AM, Gallily R, Sumariwalla PF, et al. The nonpsychoactive 
cannabis constituent cannabidiol is an oral anti-arthritic therapeutic 
in murine collagen-induced arthritis. Proc Natl Acad Sci USA 
2000;97(17):9561-6. 
[138] Smith C, Andreakos E, Crawley JB, Brennan FM, Feldmann 
M, Foxwell BM. NF-kappa B-inducing kinase is dispensable for 
activation of NF-kappa B in inflammatory settings but essential for 
lymphotoxin beta receptor activation of NF-kappa B in primary 
human fibroblasts. J Immunol 2001;167(10):5895-903. 
[139] Conron M, Andreakos E, Pantelidis P, et al. Nuclear factor-KB 
activation in alveolar macrophages requires IkB kinase p, but not 
nuclear factor- kB inducing kinase. Am J Respir Crit Care Med 
2002;165(7):996-1004. 
[140] Swantek JL, Cobb MH, Geppert TD. Jun N-terminal kinase/stress- 
activated protein kinase (JNK/SAPK) is required for lipopolysac- 
charide stimulation of tumor necrosis factor alpha (TNF-alpha) 
translation: glucocorticoids inhibit TNF-alpha translation by 
blocking JNK/SAPIC. Mol Cell Biol 1997;17(lI):6274-82. 
[141] Foey AD, Parry SL. Williams LM, Feldmann M, Foxwell 
BM, Brennan FM. Regulation of monocyte EL- 10 synthesis by 
endogenous IL-1 and TNF-alpha: role of the p38 and p42/44 
mitogen-activated protein kinases. J Immunol 1998; 160(2): 920-8. 
[142] Rutault K, Hazzalin CA, Mahadevan LC. Combinations 
of ERK and p38 MAPK inhibitors ablate tumor necrosis 
factor-alpha (TNF-alpha) mRNA induction. Evidence for selective 
destabilization of TNF-alpha transcripts. J Biol Chem 2001 ;276(9): 
6666-74. 

[143] Dean JL, Brook M, Clark AR, Saklatvala J. p38 mitogen-activated 
protein kinase regulates cyclooxygenase-2 rnRNA stability and 



Mar-31-03 



E.T: Andmakos ex al/Cytokine & Growth Factor Reviews 13 (2002) 299-313 



313 



transcription in lipopolysaccharide-treated human monocytes. J Biol 
Chem 1999;274<l):264-9. ^ ' 

[144] Ridley SH, Dean JL, Sarsfield SJ, Brook M, Clark AR. 
Saklatvala J. A P 38 MAP kinase inhibitor regufates stability of 
interleukin-l-induced cyclooxygenase-2 mRNAf FEBS Lett 1998; 
439(l/2):75-80. 



[145] McLay LM» Halley F, Soilness JE, et al. The discovery of RPR 
200765A. a p38 MAP kinase inhibitor displaying a good oral 
anti-arthritic efficacy. Bioorg Med Chem 2001;9(2):537-54. 

[146] Han Z, Boyle DL, Chang L, et al. c-Jun N-terminal kinase is 
required for metalloproteinase expression and joint destruction in 
inflammatory arthritis. J Clin Invest 2001;I08(1):73-81. 




The 



COPY 2 



1 



New England 
Journal of Medicine 

Established in 1812 as The New England Journal of Medicine and Surgery 



VOLUME 340 



MAY 6, 1999 



NUMBER 18 



ORIGINAL ARTICLES 

Reye's Syndrome in the United States 
from 1981 through 1997 1377 

E.D. Belay and Others 

Vaginal Changes and Sexuality in Women 
with a History of Cervical Cancer 1383 

K. Bergmark, E. Avall-Lundqvist, 
P.W. Dickman, L. Henningsohn, 
and G. Steineck 

Fluid Intake and the Risk of Bladder Cancer 
in Men 1390 

D.S. Michaud and Others 

Infliximab for the Treatment of Fistulas 
in Patients with Crohn's Disease 1398 

D.H. Present and Others 

Brief Report: The Mechanism 
of Respiratory Failure in 

Paraneoplastic Pemphigus 1406 

H.C. Nousari and Others 

IMAGES IN CLINICAL MEDICINE 

Rupture of a Pancreatic Pseudocyst 
into the Duodenum 141 1 

H. HlRAISHI AND A. TERANO 

REVIEW ARTICLE 

Current Concepts: Acute Necrotizing 
Pancreatitis 1412 

T.H. Baron and D.E. Morgan 

CLINICAL PROBLEM-SOLVING 

The Importance of a Name 1418 

O. Pinhas-Hamiel and P. Zeitler 



EDITORIALS 

The Disappearance of Reye's Syndrome — 
A Public Health Triumph * 1423 

A.S. Monto 

Prevention of Bladder Cancer 1424 

P.A. Jones and R.K. Ross 

SOUNDING BOARD 

Are Research Ethics Bad for Our Mental 

Health? 1427 

R. Michels 

Ethical and Human-Rights Issues in Research 
on Mental Disorders That May Affect 
Decision-Making Capacity 1430 

A.M. Capron 

Information for Authors 1435 

correspondence 

Treatment of Acute Myeloid Leukemia 1436 

Long-Acting Gonadotropin-Releasing Hormone 

Implant to Maintain Medical Castration 

for Two Years in Men with Prostate Cancer 1439 

Unruptured Intracranial Aneurysms 1439 

Rupture of Cerebral Aneurysm 

during Angiography 1442 

Parkinsonism after Taking Ecstasy 1443 

Carvedilol 1443 

Transient Global Amnesia at High Altitude 1444 

Book Reviews 1445 

Books Received 1447 

Notices 1448 

Correction 

Unruptured Intracranial Aneurysms 1442 



Owned, published, and © copyrighted, 1999, by the Massachusetts Medical Society 



P 

E 
R 
I 

6> 
D 
J: 
C 



Univ. of Minn. 
Bio Medical 

I ihnnmi 



• ; W. 

P 

-A- 
P 



The New England Journal of Medicine (ISSN 0028-4793) is published weekly 
from editorial offices at 10 Shattuck Street, Boston, MA 02115-6094. Subscription price: 
$129.00 per year. Periodicals postage paid at Boston and at additional mailing offices. 
POSTMASTER: Send address changes to P.O. Box 803, Waltham, MA 02454-0803. 




The New England Journal of Medicine 



@ WCmCBTHlS MATERIAL MAY BE PROTECTED 

INFLIXIMAB FOR THE TREATMENT OF ^^I^^^^^^T^NT^ 

WITH CROHN'S DISEASE 

Daniel H. Present, M.D., Paul Rutgeerts, M.D., Stephan Targan, M.D., Stephen B. Hanauer, M.D., 
Lloyd Mayer, M.D., R.A. van Hogezand, M.D., Daniel K. Podolsky, M.D., Bruce E. Sands, M.D., 
Tanja Braakman, M.D., Kimberly L. DeWoody, Ph.D., Thomas F. Schaible, Ph.D., 
and Sander J.H. van Deventer, M.D., Ph.D. 



Abstract 

Background Enterocutaneous fistulas are a seri- 
ous complication of Crohn's disease and are difficult 
to treat. Infliximab, a chimeric monoclonal antibody 
to tumor necrosis factor a, has recently been devel- 
oped as a treatment for Crohn's disease. We con- 
ducted a randomized, multicenter, double-blind, pla- 
cebo-controlled trial of infliximab for the treatment 
of fistulas in patients with Crohn's disease. 

Methods The study included 94 adult patients 
who had draining abdominal or perianal fistulas of 
at least three months' duration as a complication of 
Crohn's disease. Patients were randomly assigned to 
receive one of three treatments: placebo (31 patients), 
5 mg of infliximab per kilogram of body weight (31 
patients), or 10 mg of infliximab per kilogram (32 pa- 
tients); all three were to be administered intrave- 
nously at weeks 0, 2, and 6. The primary end point 
was a reduction of 50 percent or more from base line 
in the number of draining fistulas observed at two or 
more consecutive study visits. A secondary end 
point was the closure of all fistulas. 

Results Sixty-eight percent of the patients who re- 
ceived 5 mg of infliximab per kilogram and 56 percent 
of those who received 10 mg per kilogram achieved 
the primary end point, as compared with 26 percent 
of the patients in the placebo group (P=0.002 and 
P=0.02, respectively). In addition, 55 percent of the 
patients assigned to receive 5 mg of infliximab per 
kilogram and 38 percent of those assigned to 10 mg 
per kilogram had closure of all fistulas, as compared 
with 13 percent of the patients assigned to placebo 
(P=0.001 and P=0.04, respectively). The median 
length of time during which the fistulas remained 
closed was three months. More than 60 percent of 
patients in all the groups had adverse events. For pa- 
tients treated with infliximab, the most common were 
headache, abscess, upper respiratory tract infection, 
and fatigue. 

Conclusions Infliximab is an efficacious treatment 
for fistulas in patients with Crohn's disease. (N Engl 
J Med 1999;340:1398-405.) 
©1999, Massachusetts Medical Society. 



CROHN'S disease is a chronic inflammatory 
bowel disease of unknown cause, which is 
characterized by segmental transmural in- 
flammation and granulomatous lesions of 
the intestinal mucosa. The disease is complicated by 
the development of fistulas in approximately one third 
of patients. 1 Fistulas may be internal (e.g., bowel to . 



bowel, bowel to bladder, or rectovaginal) or entero- 
cutaneous (extending through the abdominal wall or 
into the perineum). These fistulas rarely heal spon- 
taneously or as a result of drug treatment and fre- 
quently require surgery. According to anecdotal ev- 
idence, antibiotics have short-term efficacy in their 
treatment. Although the use of immunomodulatory 
agents is associated with improvement and closure of 
fistulas, no significant effect has been demonstrated 
in prospective, placebo-controlled studies. 2 4 

The local production of tumor necrosis factor a 
(TNF-a) is thought to have a key role in the initiation 
and propagation of Crohn's disease. 5 7 Production of 
TNF-a: in the intestinal mucosa is increased in patients 
with Crohn's disease. 7 9 Neutralization of TNF-a has 
been suggested as a therapeutic intervention in inflam- 
matory diseases, such as inflammatory bowel disease 
and rheumatoid arthritis. 5 ' 10 

Infliximab (formerly known as cA2) is a genetically 
constructed IgGl murine -human chimeric mono- 
clonal antibody that binds both the soluble subunit 
and the membrane- bound precursor of TNF-a. 11 ' 12 
Infliximab inhibits a broad range of biologic activities 
of TNF-a, presumably by blocking the interaction of 
TNF-a with its receptors, and it may also cause lysis 
of cells that produce TNF-a; 12 ' 13 Infliximab has been 
found to be efficacious and safe in the treatment of 
moderate-to-severe Crohn's disease in several clinical 
trials. 1417 Anecdotal reports of the closure of fistulas 
in these trials prompted us to evaluate the efficacy of 
infliximab in healing enterocutaneous fistulas. 

METHODS 

Patients 

We enrolled patients who were 18 to 65 years of age and who 
had single or multiple draining abdominal or perianal fistulas of at 
least three months' duration as a complication of Crohn's disease 
that had been confirmed by radiography, endoscopy, or patholog- 
ical examination. Patients could receive concomitant therapy. Ac- 
ceptable regimens were aminosalicylates at a dosage that had been 
stable for more than four weeks before screening; oral cortico- 
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steroids at a dosage of 40 mg or less per day that had been stable 
for more than three weeks; methotrexate given for at least three 
months at a dosage that had been stable for more than four weeks; 
azathioprine or mercaptopurine given for at least six months at a 
dosage that had been stable for more than eight weeks; and anti- 
biotics at a dosage that had been stable for more than four weeks 
If patients were not currently receiving treatment with any of 
these medications, they had to have discontinued therapy at least 
four weeks before enrollment. Patients treated concurrently with 
cyclosporine were excluded from the study. Treatment with inves- 
tigational agents or the use of any medication to reduce the con- 
centration of TNF-a was not allowed within three months before 
enrollment. Additional exclusion criteria were other complications 
of Crohn's disease, such as current strictures or abscesses; the 
presence of a stoma created less than six months before enroll- 
ment; a history of allergy to murine proteins; and previous treat- 
ment with iriflbdmab. Men and women with reproductive potential 
were required to use an acceptable form of birth control through- 
out the study and for six months after the final infusion. 

One hundred twenty patients were screened at 12 centers in the 
United States and Europe, of whom 94 were enrolled. The pro- 
tocol was approved by the institutional review boards and ethics 
committees at all sites, and all patients gave written informed con- 
sent before enrolling in the study. 

Protocol 

The screening procedures included a physical examination, rou- 
tine laboratory analyses, assessment of the severity of disease ac- 
cording to the Crohn's Disease Activity Index and, for patients 
who had perianal disease at base line, a Perianal Disease Activity 
Index. The Crohn's Disease Activity Index incorporates eight 
related variables: the number of liquid or very soft stools per day, 
the severity of abdominal pain or cramping, general well-being, 
the presence or absence of extraintestinal manifestations of disease, 
the presence or absence of an abdominal mass, the use or nonuse 
of antidiarrheal drugs, the hematocrit, and body weight. 18 These 
items yield a composite score ranging approximately from 0 to 
600; scores below 150 indicate remission, whereas scores above 
45o\ndicate severe illness. The Perianal Disease Activity Index in- 
corporates five elements: the presence or absence of discharge, 
pain or restriction of activities of daily living, restriction of sexual 
activity, the type of perianal disease, and the degree of induration, 
yielding a composite score ranging from 0 to 20, with higher 
scores indicating more severe disease. 19 All fistulas had to be dis- 
tinctly identifiable; drawings as well as photographs were used to 
document the sites of disease. 

Within seven days of screening, eligible patients were randomly 
assigned to receive one of three treatments: placebo, 5 mg of in- 
fliximab per kilogram of body weight, or 10 mg of infliximab per 
kilogram, all to be given intravenously at weeks 0, 2, and 6. Ran- 
domization was performed by an independent organization (PPD 
Pharmaco, Austin, Tex.), using a stratified treatment assignment 20 
with the investigational site and the number of fistulas (one or more 
than one) as the stratification variables. Patients were enrolled from 
May 30 through October 1, 1996. 

Infliximab was administered intravenously. Infliximab (Chimeric 
A2 [cA2] IgG, Centocor, Malvern, Pa.) was supplied as a lyophi- 
lized solid containing 250 mg of cA2 IgG, 2.5 g of sucrose, 61.0 
mg of dibasic sodium phosphate dihydrate, 21.7 mg of monobasic 
sodium phosphate monohydrate, and 2.5 mg of polysorbate 80 
in a 100-ml vial for reconstitution in 50 ml of sterile water. The 
medication was added to the diluent directly from the 100-ml vial 
with a 15-/xm filter, then infused slowly over a two-hour period. 

The placebo preparation was supplied as a lyophilized solid con- 
taining 25 mg of human serum albumin, 2.5 g of sucrose, 61.0 mg 
of dibasic sodium phosphate dihydrate, 21.7 mg of monobasic so- 
dium phosphate monohydrate, and 2.5 mg of polysorbate 80 in 
a 100-ml vial for reconstitution in 50 ml of sterile water. The pla- 
cebo was identical in appearance to the infliximab solution. 
After the first infusion of study medication, patients returned 



for clinical and laboratory assessments at weeks 2, 6, 10, 14, and 
18. Blood samples were drawn at each study visit and at weeks 26 
and 34 to determine the serum concentration of infliximab. 

Evaluation of Efficacy 

The primary efficacy end point was defined a priori as a reduc- 
tion of 50 percent or more from base line in the number of drain- 
ing fistulas observed at two or more consecutive study visits. 
Treatment was considered to have failed in patients who had 
changes in medication that were not permitted in the protocol, 
who underwent surgery related to Crohn's disease, or who did 
not return for follow-up visits. 

The primary end point was based on the investigators' physical 
evaluation of the patient; a fistula was considered to be closed 
when it no longer drained despite gentle finger compression. 
Draining fistulas of less than three months' duration at base line 
were excluded from the primary analysis. In order for a patient to 
reach the primary end point, a minimum of 21 days between con- 
secutive visits was required. 

Secondary analyses of efficacy evaluated the number of patients 
with a complete response (defined as the absence of any draining 
fistulas at two consecutive visits), the length of time to the be- 
ginning of a response, and the duration of the response. Changes 
in scores on the Crohn's Disease Activity Index and the Perianal 
Disease Activity Index were also evaluated. 

Evaluation of Safety 

Safety was assessed in terms of the incidence of adverse events 
and changes in vital signs and routine laboratory measures. Pa- 
tients were monitored for adverse events during each infusion and 
at each study visit. 

Immunologic Evaluation 

We conducted assays to detect the formation of antinuciear an- 
tibodies, antibodies against double-stranded DNA, and human an- 
tichimeric antibodies. Antinuciear antibodies were measured by 
means of a standard immunofluorescence technique in HEp-2 
cells, with a screening dilution of the sample of 1:40 (negative re- 
sults' were defined as less than 1:40). Patients who were positive for 
antinuciear antibodies were evaluated for antibodies against dou- 
ble-stranded DNA with the Crithidia luciliae immunofluorescence 
technique and a screening dilution of 1:10. Antibodies against dou- 
ble-stranded DNA were measured in patients with positive results 
by means of the Fan* radioimmunoassay. Patients were considered 
positive for antibodies against double-stranded DNA if they had 
positive results on both the C. luciliae immunofluorescence assay 
and the Farr radioimmunoassay. Human antichimeric antibodies 
were measured with use of a double-antigen enzyme immunoassay. 

Statistical Analysis 

The primary analysis was performed according to the intention- 
to-treat principle and included all patients who were screened and 
randomly assigned to treatment. The analysis was performed in 
two stages. We performed the Mantel -Hacnszel chi-square test 
for a linear dose response in the proportion of patients in whom 
the primary end point occurred. If the result was significant at an 
alpha level of 0.05, Fisher's exact test was then used to compare 
the proportion of patients achieving the primary end point in 
each of the two infliximab groups with that in the placebo group. 
Odds ratios were used to assess the consistency of benefit of in- 
fliximab treatment in subgroups of patients. 

Analysis of the proportion of patients who had a complete re- 
sponse was performed with the same methods used for the analysis 
of the primary end point. Continuous variables (e.g., scores on the 
Crohn's Disease Activity Index and Perianal Disease Activity In- 
dex) were compared by analysis of variance of the van der Waerden 
normal scores. For patients who discontinued regularly scheduled 
follow-up, underwent a surgical procedure, or had a change in 
medication that was not permitted by protocol, the measurements 
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from the last evaluation were carried forward. All reported P values 
are two-sided. 

RESULTS 

Ninety-four patients were randomly assigned to 
treatment with infliximab or placebo. Demographic 
and clinical characteristics and rates of use of concom- 
itant medications were similar in all treatment groups 
at base line (Table 1). Six patients discontinued treat- 
ment (four in the placebo group and two treated with 
infliximab); all had received two of the three sched- 
uled infusions. The reasons for withdrawal were lack 
of efficacy (three patients in the placebo group), ad- 
ministrative reasons (one in the placebo group), with- 
drawal of consent (one patient assigned to 5 mg of 
infliximab per kilogram), and adverse events (one pa- 
tient treated with 10 mg of infliximab per kilogram). 

Efficacy 

With respect to the primary efficacy end point, re- 
sponse rates were significantly greater among the pa- 
tients receiving infliximab (68 percent in the group 



assigned to 5 mg per kilogram and 56 percent in the 
group receiving 10 mg per kilogram) than in the pla- 
cebo group (26 percent; P= 0.002 and P=0.02, re- 
spectively) (Table 2). Response rates in the two inflix- 
imab groups were not significantly different (P=0.35). 
The results of treatment are summarized in Table 2. 
Photographs of the healing of fistulas over time in two 
patients are shown in Figure 1. There was a complete 
response, defined as the absence of any draining fistu- 
las, in 55 percent of the patients treated with 5 mg of 
infliximab per kilogram, in 38 percent of those treated 
with 10 mg per kilogram, and in 13 percent of pa- 
tients receiving placebo (P= 0.001 and P=0.04, re- 
spectively). Complete responses occurred both in pa- 
tients with single fistulas and in those with multiple 
fistulas; of the 29 infliximab-treated patients with a 
complete response, 15 had a single fistula and 14 
had multiple fistulas at base line. 

In patients who reached the primary end point, 
the length of time to the beginning of a response was 
calculated as the number of days from the initial in- 
fusion to the first of the two or more consecutive 



Table 1 . Base-Line Characteristics of the Patients, According to Study Group.* 



All 

Placebo Patients 
Characteristic (N=31) Infliximab (N=94) 







5 mg/kg 


10 mg/kg 








(N=31) 


(N=32) 




Age — yr 


35.4±8.6 


41.2±12.2 


35.0+12.3 


37.2+11. 


Weight — kg 


69.4±12.0 


70.4+14.5 


66.2+15.0 


68.6±13. 


Race — no. (%) 










White 


29 (94) 


28 (90) 


29 (91) 


86 (91) 


Black 


2(6) 


3(10) 


3(9) 


8(9) 


Sex — no. (%) 










Male 


17 (55) 


15 (48) 


12 (38) 


44(47) 


Female 


14 (45) 


16 (52) 


20 (62) 


50 (53) 


Duration of Crohn's disease — yr 


12.0±7.9 


13.6±9.5 


11.5±8.2 


12.4+8.5 


Area of involvement — no. (%) 










Ileum 


3(10) 


7(23) 


4(12) 


14 (15) 


Colon 


9(29) 


7(23) 


10 (31) 


26 (28) 


Ileum and colon 


19 (61) 


17 (55) 


18 (56) 


54 (57) 


Previous segmental resection — no. (%) 


12 (39) 


21 (68) 


17 (53) 


50 (53) 


No. of enterocutaneous fistulas 










— no. (%) 










1 


13 (42) 


15 (48) 


14 (44) 


42 (45) 


>1 


18 (58) 


16 (52) 


18 (56) 


52 (55) 


Location of fistula 










Perianal 


29 (94) 


27 (87) 


29 (91) 


85 (90) 


Abdominal 


2(6) 


4(13) 


3(9) 


9(10) 


Previous medication — no. (%) 










Corticosteroids 


11 (35) 


12 (39) 


10 (31) 


33 (35) 


Mercaptopurine or azathioprine 


9 (29) 


12 (39) 


17 (53) 


38 (40) 


Aminosalicylates 


19 (61) 


17 (55) 


16 (50) 


52 (55) 


Antibiotics 


11 (35) 


6(19) 


11 (34) 


28 (30) 


Score on Crohn's Disease Activity 


192.9±92.0 


184.4+98.5 


184.9+97.5 


187.3±95.C 


Indext 











* Plus-minus values arc means ±SD. 

♦Data were available for 25 patients in the placebo group, 27 assigned to 5 mg of infliximab per 
kilogram, and 27 assigned to 10 mg per kilogram (total, 79 patients). 
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Table 2. Outcome of Treatment, According to Study Group. 



Variable 



£nd points 

Primary end point — no./total no. (%)* 

P value vs. placebo 
Complete response — no./total no. (%)| 

P value vs. placebo 
Time to onset of response (days)$ 

Median 

Interquartile range 
Duration of response (days)f 
Median 

Interquartile range 
Crohn's Disease Activity Index§ 
Base-line score 

Median 

Interquartile range 
P value vs. placebo 
Score at week 2 
Median 

Interquartile range 
P value vs. placebo 
Score at week 18 
Median 

Interquartile range 
P value vs. placebo 

Perianal Disease Activity Index^[ 
Base-line score 
Median 

Interquartile range 
P value vs. placebo 
Score at week 2 
Median 

Interquartile range 
P value vs. placebo 
Score at week 18 
Median 

Interquartile range 
P value vs. placebo 



Placebo 



Infliximab 



5 OR 





5 mg/kg 


10 mg/kg 


10 mg/kg 


8/31 (26) 
4/31 (13) 


21/31 (68) 
0.002 

17/31 (55) 
0.001 


18/32 (56) 
0.02 

12/32 (38) 
0.04 


39/63 (62) 
0.002 

29/63 (46) 
0.001 


42 
15-72 


14 

14-42 


14 

14-42 


14 

14-42 


86 
56-104 


84 

31-113 


99 

86-113 


86 

57-113 


162 
126-265 


163 

99-284 
0.71 


203 

112-254 
0.66 


168 

112-258 
0.64 


171 
114-252 


108 

83-203 
0.04 


111 

89-164 
0.06 


108 

84-179 
0.02 


160 

72-206 


104 

47-177 
0.23 


123 

58-175 
0.32 


117 

49-177 
0.21 


9.0 
7.0-10.5 


. 8.0 
7.0-10.0 
0.69 


10.0 
8.0-12.0 
0.31 


9.0 
7.0-11.0 
0.73 


8.0 
6.0-10.0 


6.0 
3.0-7.0 
0.02 


6.0 
4.0-8.0 
0.04 


6.0 
3.5-8.0 
0.01 


7.0 
4.0-9.0 


4.0 
1.0-7.0 
0.05 


5.0 
3.0-8.0 
0.14 


5.0 
2.0-7.5 
0.05 



•The primary end point was defined as a reduction of 50 percent or more from base line in the 
number of open fistulas observed at two or more consecutive visits. 

|A complete response was defined as the absence of any draining fistulas at two or more consec- 
utive visits. 

X Only patients achieving the primary end point were included. 

§The Crohn's Disease Activity Index is based on eight variables (described in the Methods section). 
Scores range approximately from 0 to 600; scores below 150 indicate remission, and scores above 
450 indicate severe illness. Values shown are based on 79 of the 94 patients; patients with a stoma 
were excluded because the number of stools could not be assessed. 

JThe Perianal Disease Activity Index is based on five variables. Scores range from 0 to 20, with 
higher scores indicating more severe disease. 



visits at which this end point was observed. The me- 
dian time to the onset of a response (Table 2) was 
shorter among patients treated with infliximab (two 
weeks) than among those given placebo (six weeks). 
The duration of the response was defined as the max- 
imal period during which the patient had a reduction 
of 50 percent or more in the number of draining fis- 
tulas at consecutive visits. The median duration of 
response was approximately three months in patients 
who reached the primary end point (Table 2). Chang- 
es over time in the scores on the Crohn's Disease 



Activity Index and the Perianal Disease Activity Index 
are shown in Table 2, according to treatment group. 

A consistent benefit of infliximab treatment was 
observed for all demographic subgroups we evaluated 
(Table 3): A significant benefit of treatment was still 
evident when the analyses were adjusted for sex or pri- 
or bowel resection with logistic regression (P= 0.001, 
data not shown). Significantly more of the patients 
with single fistulas who were treated with infliximab 
reached the primary end point than patients assigned 
to placebo (52 percent vs. 8 percent, P=0.02); the 
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Figure 1. Closure of an Abdominal Fistula in a 60-Year-Old Man and a Perianal Fistula in a 42-Year-Old Man. 
Both patients received 5 mg of infliximab per kilogram. 



same was true for patients with multiple fistulas (71 
percent vs. 39 percent, P=0.03). In addition, inflixi- 
mab was consistently beneficial regardless of concom- 
itant therapy (e.g., corticosteroids, mercaptopurine 
or azathioprine, or antibiotics). 

Safety 

All 94 patients were evaluated for safety. The per- 
centage of patients with adverse events was the same 
for the group assigned to receive 5 mg of infliximab 
per kilogram and that assigned to placebo (65 per- 



cent); there was a trend toward more adverse events 
among the patients assigned to receive 10 mg of in- 
fliximab per kilogram (84 percent, P = 0.09). The 
most frequently reported adverse events among pa- 
tients treated with infliximab were headache, abscess, 
upper respiratory tract infection, and fatigue (Table 
4). One patient in the group receiving 10 mg of in- 
fliximab per kilogram discontinued treatment because 
of pneumonia, which developed 22 days after the sec- 
ond infusion. The symptoms resolved within a week 
with antibiotic treatment. Altogether, five patients had 
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Table 3. Results of Treatment According to Selected Variables. 



Variable 



All patients 

Sex 

Male 

Female 
Area of involvement 

Ileum 

Colon 

Ileum and colon 
No. of entcrocutaneous fistulas 
1 

>1 

Dose of oral corticosteroids 
20 mg/day 
<20 mg/day 
None 

Use of mercaptopurine or 
azathioprine 
Yes 
No 

Use of antibiotics 
Yes 
No 



Placebo 

% WITH 
NO. IN PRIMARY 
SUBGROUP END POINT 



NO. IN 
SUBGROUP 



Infliximab 

% WITH 
PRIMARY 
END POINT 



Odds 
Ratio* 



P 

Value 



31 


26 


63 


62 


4.7 


0.001 


17 


18 


27 


74 


13.3 


<0.001 


14 


36 


36 


53 


2.0 


0.28 


3 


0 


11 


73 






9 


33 


17 


53 


2.3 


0.35 


19 


26 


35 


65 


5.1 


0.01 


13 


8 


29 


52 


12.9 


0.02 


18 


39 


34 


71 


3.8 


0.03 


5 


20 


6 


67 


8.0 


0.14 


6 


17 


15 


53 


5.7 


0.15 


20 


30 


42 


64 


4.2 


0.01 


9 


44 


29 


59 


1.8 


0.46 


22 


18 


34 


65 


8.3 


O.OOl 


11 


27 


17 


65 


4.9 


0.06 


20 


25 


46 


61 


4.7 


0.01 



*The odds ratio is for the odds of reaching the primary end point in the infliximab group as com- 
pared with the placebo group. 



serious adverse events: four assigned to receive 10 mg 
of infliximab per kilogram and one assigned to re- 
ceive 5 mg per kilogram. In the 10-mg group, these 
events were chest pain and pneumonia (in the pa- 
tient who discontinued treatment), intestinal obstruc- 
tion, abscess of the arm and leg (furunculosis), and 
anal abscess. In the patient in the 5-mg infliximab 
group, ureteral obstruction developed after the third 
infusion. In four of the patients receiving infliximab 
(6 percent), adverse events occurred during an infu- 
sion or vvdthin two hours after the end of the infusion, 
with some patients having multiple adverse reactions; 
these adverse events were mild dizziness in two pa- 
tients, subfebrile temperature elevation in two, head- 
ache in one, and chest pain with flushing in two. 
There were no consistent differences in routine lab- 
oratory values between the infliximab and placebo 
groups. No deaths occurred during the study period. 

Immunologic Results 

Antibodies against double-stranded DNA were de- 
tected in eight patients treated with infliximab (13 
percent); one patient remained positive for these an- 
tibodies at the last evaluation. None had symptoms 
suggestive of lupus erythematosus. Serum samples 
were collected both before and after treatment from 
92 patients and assayed for human antichimeric an- 
tibodies. Three tested positive for human antichimer- 
ic antibodies, all at a titer of 1:10. Thirteen patients 



Table 4. Adverse Events That Occurred in at Least 
10 Percent of Patients in Any Treatment Group. 





Placebo 








Event 


(N=31) 




Infliximab 












5 OR 






5 mg/kg 


10 mg/kg 


10 mg/kg 






(N = 31) 


(N=32) 


(N=63) 






number (percent) 




Headache 


7(23) 


5(16) 


6(19) 


11 (17) 


Abscess 


1 (3) 


2,(6) 


5(16) 


7(11) 


Upper respiratory tract 


2(6) 


1(3) 


5(16) 


6(10) 


infection 










Fatigue 


2(6) 


2(6) 


4(12) 


6(10) 



had measurable concentrations of infliximab in all 
post-treatment samples and therefore could not be 
evaluated. None of the adverse events in the patients 
who were positive for human antichimeric antibodies 
were suggestive of a sensitivity reaction. 

DISCUSSION 

Closure of fistulas is rare in patients with Crohn's 
disease who are receiving standard therapy, such as 
5 -aminosalicylates or corticosteroids. Several antibi- 
otics have shown promise for the healing of fistulas 
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in Crohn's disease, 21 * 23 but their efficacy has not 
been established in controlled clinical trials. Immuno- 
modulatory agents have been used to treat fistulas, 
with some success. In one uncontrolled study, fistu- 
las closed in about one third of patients treated with 
methotrexate. 24 Small, uncontrolled studies have dem- 
onstrated that intravenous cyclosporine induces the 
closure of fistulas; however, patients relapsed when 
switched to oral cyclosporine. 4 25 A double-blind, pla- 
cebo-controlled study 3 suggested that mercaptopurine 
was more effective than placebo in the treatment of 
fistulas in patients with Crohn's disease; however, the 
study had too few patients for the statistical signifi- 
cance of this finding to be assessed. In addition, ap- 
proximately three months was required for a response 
to appear in patients treated with mercaptopurine. 

In our study, we found a significant reduction in the 
number of draining fistulas in patients with Crohn's 
disease, as compared with the number at base line, 
after two or three infusions of infliximab at doses of 
5 or 10 mg per kilogram. The effect of treatment with 
infliximab became evident rapidly — in about two 
weeks — and lasted for a median of three months; a 
complete response (defined as the absence of drain- 
ing fistulas) occurred in 46 percent of patients treat- 
ed with infliximab, as compared with 13 percent of 
the placebo group (P = 0.001). The beneficial effect 
of infliximab did not appear to be dose-related; pa- 
tients treated with 5 mg of infliximab per kilogram 
had a higher rate of response than those treated with 
10 mg per kilogram (68 percent vs. 56 percent). 

The frequency of adverse events was the same in 
the placebo group and the group assigned to 5 mg 
of infliximab per kilogram; there was a trend toward 
more adverse events in the group assigned to 10 mg 
of infliximab per kilogram. Eight patients treated with 
infliximab (13 percent) had low levels of antibodies 
against double-stranded DNA. In all but one, these 
antibodies disappeared by the end of the study. The 
clinical significance of these serologic findings is un- 
certain; none of the patients had symptoms sugges- 
tive of lupus erythematosus. In an earlier trial, 17 a 
duodenal lymphoma developed in one patient with 
a 30-year history of Crohn's disease. The association 
of this event with infliximab is uncertain, since the in- 
cidence of lymphoma is increased in chronic Crohn's 
disease. 26 

Some issues remain to be addressed regarding the 
use of infliximab in patients with Crohn's disease 
that is complicated by fistulas. These include the use 
of infliximab as an effective corticosteroid-sparing 
agent, the long-term toxicity of the regular or inter- 
mittent use of infliximab, and the best timing for the 
administration of infliximab. The majority of patients 
in this study had chronically active disease and had 
previously received several therapies, including im- 
munosuppressive agents. The efficacy of a regimen 
based on infliximab as a first-line therapy to induce 



early closure of fistulas, with mercaptopurine or aza- 
thioprine reserved for long-term maintenance after 
fistulas have healed, needs further investigation. 

In conclusion, we found that infliximab was effica- 
cious in the treatment of enterocutaneous fistulas 
complicating Crohn's disease. Our results support the 
use of an initial dose of 5 mg per kilogram, with sub- 
sequent identical doses given two and six weeks later. 



Dr. Hanauer, Dr. Podolsky, and Dr. Sands have served as paid consult- 
ants to Centocor. Dr. Present and Dr. Hanaucr have received honorariums 
from Centocor for lectures. Dr. Mayer owns stock in Centocor. 

APPENDIX 

In addition to the authors, the following participated in the study: Duke 
University Medical Center, Durham, N,C. — J. Onken; Methodist Hospital, 
Houston — A.L. Buchman; Thomas Jefferson University Hospital, Philadel- 
phia — A.J. DiMarino; Saint Mark's Hospital, London — M. Kamm; and 
Leeds General Infirmary, Leeds, United Kingdom — D.M. Chalmers. 
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ETANERCEPT IN CHILDREN WITH POLYARTICULAR JUVENILE 

RHEUMATOID ARTHRITIS 

DANIEL J LOVELL M D , M.P.H., Edward H. Giannini, M.Sc, Dr.P.H., Andreas Reiff, M.D.. 
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Abstract 

Background We evaluated the safety and efficacy 
of etanercept, a soluble tumor necrosis factor recep- 
tor (p75):Fc fusion protein, in children with polyartic- 
ular juvenile rheumatoid arthritis who did not toler- 
ate or had an inadequate response to methotrexate. 
Methods Patients 4 to 17 years old received 0.4 mg 
of etanercept per kilogram of body weight subcuta- 
neously twice weekly for up to three months in the ini- 
tial, open-label part of a multicenter trial. Those who 
responded to treatment then entered a double-blind 
study and were randomly assigned to receive either 
placebo or etanercept for four months or until a flare 
of the disease occurred. A response was defined as 
an improvement of 30 percent or more in at least three 
of six indicators of disease activity, with no more than 
one indicator worsening by more than 30 percent. 
Results At the end of the open-label study, 51 of the 
69 patients (74 percent) had had responses to etan- 
ercept treatment. In the double-blind study, 21 of the 
26 patients who received placebo (81 percent) with- 
drew because of disease flare, as compared with 7 of 
the 25 patients who received etanercept (28 percent) 
(P=0 003). The median time to disease flare with pla- 
cebo was 28 days, as compared with more than 116 
days with etanercept (P<0.001). In the double-blind 
study, there were no significant differences between 
the two treatment groups in the frequency of adverse 
events. 

Conclusions Treatment with etanercept leads to 
significant improvement in patients with active poly-, 
articular juvenile rheumatoid arthritis. Etanercept is 
well tolerated by pediatric patients. (N Engl J Med 
2000;342:763-9.) 
©2000, Massachusetts Medical Society. 



JUVENILE rheumatoid arthritis is the most 
common rheumatic condition in children. 1 ' 2 In 
approximately one third of patients, the disease 
is controlled with nonsteroidal antiinflamma- 
tory drugs and an appropriate program of phys- 
ical and occupational therapy. The remainder are can- 
didates for more aggressive therapy with antirheumatic 

drugs. . 

Methotrexate was shown to have a therapeutic ad- 
vantage over placebo, with an acceptable safety pro- 
file, in a randomized, controlled trial in children with 
juvenile rheumatoid arthritis who had polyarticular 
involvement (regardless of the type of onset). 3 Long- 
term studies showed that methotrexate is efficacious 



and well tolerated in most children with juvenile rheu- 
matoid arthritis. 3 6 However, some patients do not 
have an adequate response to methotrexate, even at 
doses of up to 1 mg per kilogram of body weight 
per week. 7 > 8 The frequency and severity of side effects 
increase with higher doses of methotrexate, and the 
consequences of long-term use are not known. Ex- 
acerbation of disease during treatment with stable 
doses of methotrexate and the need to increase the 
methotrexate dose over time suggest that drug re- 
sistance to methotrexate may develop. 9 

Tumor necrosis factor (TNF) is a proinflammatory 
cytokine that has a complex role in the pathogenesis 
of rheumatoid arthritis. 10 17 TNF is elevated in both 
the serum and the synovial fluid of children with ju- 
venile rheumatoid arthritis. Serum levels of soluble 
TNF receptor are elevated in patients with juvenile 
rheumatoid arthritis (all subtypes), and the level is 
correlated with disease activity. 18 In one study, tumor 
necrosis factor was detected in 45 percent of samples 
of synovial fluid from 44 children with juvenile rheu- 
matoid arthritis (all subtypes). 19 Further evidence that 
TNF may amplify local inflammation and lead to joint 
destruction came from a study in which both TNF 
and lymphotoxin-a were detected in the majority of 
synovial-tissue samples from patients with juvenile 
rheumatoid arthritis. 20 m 

Etanercept (Enbrel, Immunex, Seattle), a genetical- 
ly engineered fusion protein consisting of two iden- 
tical chains of the recombinant extracellular human 
TNF-receptor p75 monomer fused with the Fc do- 
main of human IgGl, effectively binds TNF and lym- 
photoxin-a and inhibits their activity. 21 ' 22 Random- 
ized, double-blind, placebo-controlled trials showed 
that etanercept treatment had significant clinical ben- 
efit with minimal toxicity in adults with active rheu- 
matoid arthritis that did not respond to other disease- 
modifying drugs. 23 25 We conducted a randomized, 
multicenter, double-blind trial of etanercept for the 
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treatment of polyarticular juvenile rheumatoid ar- 
thritis in children who did not tolerate or who had 
an inadequate response to methotrexate. 

METHODS 

Patients 

Eligible patients were 4 to 17 years of age and had active poly- 
articular juvenile rheumatoid arthritis. During the first six months 
of the disease, some patients had had pauciarticular arthritis (four 
or fewer joints involved), some had had polyarticular arthritis (five 
or more joints involved), and some had had systemic arthritis (as- 
sociated with spiking fever and rheumatoid rash). "Active" poly- 
articular disease was defined by the presence of five or more swol- 
len joints and three or more joints with limitation of motion and 
pain, tenderness, or both. Before enrollment, patients had active 
disease despite treatment with nonsteroidal antiinflammatory drugs 
and with methotrexate at doses of at least 10 mg per square meter 
of body-surface area per week. The patients had normal or nearly 
normal platelet, white- cell, and neutrophil counts, hepatic amino- 
transferase levels, and results of renal-function tests. Pregnant and 
lactating patients were excluded, and girls with childbearing po- 
tential were required to use contraception throughout the study. 
Patients with major concurrent medical conditions were also in- 
eligible. 

Study Design 

An independent review committee at each study site approved 
the protocol and amendments, and each patient's parent or legal 
guardian gave written informed consent before the start of the 
study. A safety monitoring board reviewed adverse events that oc- 
curred during the study. Methotrexate was discontinued 14 days 
and other disease-modifying antirheumatic drugs 28 days before . 
receipt of etanercept. Intraarticular and soft-tissue corticosteroid 
injections were not permitted during or for one month before the 
trial. Stable doses of nonsteroidal antiinflammatory drugs, low 
doses of corticosteroids (=£0.2 mg of prednisone per kilogram per 
day, with a maximum of 10 mg per day), or both were permitted. 
Pain medications were allowed except during the 12 hours before 
a joint assessment. 

Vials of study medication contained either 25 mg of lyophilized 
etanercept (for both parts of the study) or placebo (for the double- 
blind study). Before injection, study-site staff who were not in- 
volved in patient assessments reconstituted the contents with 1 ml 
of bacteriostatic water containing 0.9 percent benzyl alcohol. 

All patients received 0.4 mg of etanercept per kilogram (maxi- 
mum, 25 mg) subcutaneously twice weekly for up to three months 
in the open-label part of the trial. At the end of the third month, 
patients whose condition had improved according to the defini- 
tion of Giannini et al. 26 were randomly assigned to receive either 
placebo or 0.4 mg of etanercept per kilogram subcutaneously 
twice weekly in the double- blind study (months 4 through 7) un- 
til disease flare occurred or four months elapsed, whichever was 
earlier. Efficacy was assessed according to the number of patients 
with disease flare after receipt of placebo or etanercept. 

Physical examinations, measures of disease activity, and labora- 
tory tests (hematologic analysis, serum chemical analysis, and uri- 
nalysis) were performed at screening and repeated on day 1 (be- 
fore the administration of etanercept or placebo) and day 15 and 
at the end of each month during the study. Final safety assessments 
were made 30 days after the discontinuation of the study drug for 
patients who withdrew from the study or did not continue to the 
double-blind study, or at the patient's next scheduled visit if the 
patient withdrew from the study because of disease flare. Serum 
was obtained at screening and at the end of months 3 and 7 for test- 
ing for autoantibodies (antinuclear antibodies, antibodies to dou- 
ble-stranded DNA, IgG and IgM anticardiolipin antibodies, and 
antibodies to extractable nuclear antigens), and on day 1 before 
the administration of the study drug and at the end of months 
3 and 7 for testing for antibodies to etanercept. 



Definition of Improvement 

The definition of improvement used to assess disease response 
employs a core set of six response variables: global assessment of 
the severity of disease by the physician, global assessment of overall 
well-being by the patient or parent, number of "active" joints (joints 
with swelling not due to deformity or joints with limitation of mo- 
tion and with pain, tenderness, or both), number of joints with lim- 
itation of motion, functional ability, and erythrocyte sedimenta- 
tion rate. 26 * 27 In this study, the fourth measure was modified to the 
"number of joints with limitation of motion and with pain, tender- 
ness, or both" so as to eliminate counting joints with contractures 
that might not have improved during the short course of treatment. 

To meet the definition of improvement at a scheduled visit or at 
the end of month 3, patients had to have a 30 percent improvement 
from base line in at least three of the six response variables. They 
could also have worsening of 30 percent or more in no more than 
one of the six response variables. Additional assessments t of disease 
activity included the articular severity score, 28 duration of morning 
stiffness, degree of pain (on a visual-analogue scale), and C-reactive 
protein levels. Patients were also evaluated for 50 percent and 70 
percent improvement (50 percent and 70 percent improvement 
in at least three of the six response variables and a worsening of 30 
percent or more in no more than one of the six response variables). 

The primary efficacy end point, which was evaluated in the 
double-blind study, was the number of patients with disease flare. 
The definition of disease flare created specifically for this pediatric 
trial was based on the change in the core set of response variables 
from the beginning of the double- blind study. Patients who met 
the criteria for disease flare had worsening of 30 percent or more 
in three of the six response variables and a minimum of two active 
joints. They also could have improvement of 30 percent or more 
in no more than one of the six response variables. Global assess- 
ments, if used to define flare, had to change by at least 2 units on 
a scale from 0 to 10. 

Statistical Analysis 

A blocked randomization scheme with stratification according 
to study center and number of active joints (^2 vs. >2) at the 
end of month 3 (in the open-label study) was used to assign pa- 
tients to placebo or etanercept in the double- blind study. 

In the double-blind study, base-line and demographic charac- . 
teristics were compared between treatment groups by the Wilcoxon 
rank-sum test and the likelihood-ratio chi-square test. Laboratory 
results were summarized separately from adverse events according to 
a modification of the National Cancer Institute Common Toxicity 
Criteria and the testing laboratory's normal ranges. Comparisons of 
shifts in laboratory values (to below normal, normal, or above nor- 
mal) were made with use of the Stuart-Maxwell chi-square test. 29 

The percentages of patients with a response to therapy who had 
disease flare while receiving placebo or etanercept in the double- 
blind study were compared by Mantel -Haenszel methods. 30 Pa- 
tients who withdrew early without disease flare were counted in 
the analysis with those who continued to have a response. 

To evaluate any bias introduced by the withdrawal assumption in 
the primary analysis, an analysis of time to flare (by the log-rank 
test) was undertaken in which data on patients who withdrew with- 
out flare were censored at the time of withdrawal. The effect of 
base-line characteristics on flare rates was assessed by main-effects 
logistic regression. The percentages of patients with a response who 
continued to have a response after receiving etanercept or placebo 
in the double-blind study were compared by Mantel -Haenszel 
methods. All tests were two-sided, with a significance level of 0.05. 

In all summaries of measures of disease activity, a last-observa- 
tion-carried-forward approach was used for missing data or visits 
and for patients who withdrew early. 

RESULTS 
Base-Line Characteristics 

The base-line demographic and disease character- 
istics of the study patients are summarized in Table 1. 
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Table 1. Demographic Characteristics and Disease History.* 



Characteristic 



Open-Label Study 



Mean age — yr 
Age group — no. (%) 

4-8 yr 

9-12 yr 

13-17 yr 

Sex — no. (%) 
Female 
Male 

Race or ethnic group — no. (%) 
White 
Black 
Hispanic 
Other 

Type of onset of JRA — no. (%) 

Pauciarticular 

Polyarticular 

Systemic 
Mean duration of JRA — yr 
Positive for rheumatoid factor — no. (%) 
Previous methotrexate therapy — no. (%) 
DMARDs at washout — no. (%) 

Methotrexate 

Hydroxychloroquine 
Concomitant therapy at washout — no. (%) 

Corticosteroids 

NSAIDs 

Mean dose of corticosteroids — mg/day 



10.5 

25 (36) 
14 (20) 
30 (43) 

43 (62) 

26 (38) 

52 (75) 
6(9) 
9(13) 
2(3) 

7(10) 
40 (58) 
22 (32) 

5.9 
15 (22) 
69 (100) 
51 (74) 
50 (72) 
13 (19) 

25 (36) 
66 (96) 
5.6 



Double-Bund Study 



TOTAL 

(N = 51) 


PLACEBO 

(N = 26) 


ETANERCEPT 
(N = 25) 


10.6 


12.2 


8.9 


18 (35) 
9(18) 
24 (47) 


5 (19) 
4(15) 
17 (65) 


13 (52) 
5 (20) 
7(28) 


34 (67) 
17 (33) 


15 (58) 
11 (42) 


19 (76) 
6(24) 


37 (73) 
4(8) 
8(16) 
2 (4) 


23 (88) 
1(4) 
2(8) 
u 


14 (56) 
3(12) 
6(24) 


3(6) 
31 (61) 
17(33) 


1(4) • 
17 (65) 
8(31) 


2(8) 
14 (56) 
9(36) 


5.8 


6.4 


5.3 ' 


12 (24) 


8(31) 


4(16) 


51 (100) 


26 (100) 


25 (100) 


35 (69) 
34 (67) 
9(18) 


19 (73) 
18 (69) 
7(27) 


16(64) 
16 (64) 
2(8) 


19 (37) 
49 (96) 


13 (50) 
24 (92) 


6(24) 
25 (100) 


5.8 


5.5 


6.5 



•Percentages may not total 100, because of rounding. JRA denotes juvemle rheumatoid arthritis^ 
DMARDs disease modifiying antirheumatic drugs, and NSAIDs nonsteroidal antnnflammatory 

drugs. 



Forty-three female and 26 male patients were en- 
rolled in the open-label study; of these, 34 female 
and 17 male patients continued to the double-blind 
study. At enrollment, the mean age was 10.5 years 
(range, 4 to 17) and the mean duration of juvenile 
rheumatoid arthritis was 5.9 years. The groups were 
well balanced in the double-blind study, except for 
age group and race (P<0.02) and corticosteroid use 
at base line (P = 0.05). The unequal randomization 
did not affect the study results. 

Sixty- four of the 69 patients enrolled in part 1 (93 
percent) completed treatment. Early discontinuations 
were due to an adverse event in one patient who had 
urticaria with the first dose of etanercept, refusal of 
treatment by two patients, and lack of response in 
two patients. Of the 25 patients in the etanercept 
group in the double-blind trial, 19 (76 percent) com- 
pleted treatment and 6 withdrew because of disease 
flare. Seven of the 26 patients in the placebo group 
(27 percent) completed the study; 1 withdrew because 
of parental refusal to allow continuation, and 18 with- 
drew because of disease flare. 

% 



Disease Response (Open-Label Study) 

Fifty-one of the 69 patients enrolled in the open- 
label study (74 percent) met the definition of improve- 
ment at -the end of that study. Considerable improve- 
ments in all measures of disease activity were seen 
with etanercept, and improvement was noted in pa- 
tients as early as the first evaluation, two weeks after 
the begirining of treatment (Table 2). Forty-four of 
the 69 patients (64 percent) met the definition of 50 
percent improvement, and 25 (36 percent) met the 
definition of 70 percent improvement at the end of 
the open-label study (Fig. 1). 

Efficacy (Double-Blind Study) 
Disease Flare 

In the double-blind study, significantly more pa- 
tients who received placebo (21 of 26 [81 percent]) 
than patients who received etanercept (7 of 25 [28 
percent], P = 0.003) had disease flare. The rates of 
flare remained consistently and significandy lower in 
the etanercept group (P<0.001) after adjustment for 
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Table 2. Measures of Disease Activity and Improvement from Base Line.* 



Measure 



Juvenile rheumatoid arthritis core set criteria 

Total no. of active joints}: 

No. of joints with limitation of motion and 
with pain, tenderness, or bothf 

Physician's global assessment of disease severity^ 

Patient's or parent's global assessment of overall 
well-being§ 

Score on Childhood Health Assessment 
Questionnaire^ 

Erythrocyte sedimentation rate |[ 
Additional assessments 

Articular severity score** 

Duration of stiffness (min) 

Pain (on a visual -analogue scale) If 

C-reactive protein (mg/dl)Jt 
Other* 

No. of swollen joints 

No. of joints with limitation of motion 



Open-Label Study (N=69) 



Double-Bund Study, 
Placebo (N=26) 



Double-Bund Study, 
Etanercept (N=25) 



BASE 








» IMrrCUVE- 


BASE 






BASE 






LINE 


MO 1 


MO 2 


MO 3 


MENTt 




MO 3 


MO 7 


" LINE 


MO 3 


MO 7 


28 


22 


15 


13 


56 


27.0 


7.5 


12 A 

xo.yj 




IS.l) 


/.[} 


10 


4 


3 


2 


79 


6.5 


1.0 


4.5 


8.0 


2.0 


1.0 


7 


3 


3 


2 


60 


6 


1 


5 


7 


2 


2 


5 


3 


3 


2 


50 


5 


1 


5 


5 


2 


3 


1.4 


1.0 


0.9 


0.9 


37 


1.3 


0.4 


1.2 


1.6 


0.9 


0.8 


35 


18 


20 


20 


50 


27 


12 


30 


41 


15 


18 


88 


60 


47 


45 


50 


84 


36 


66 


90 


35 


38 


45 


15 


15 


15 


75 


60 


5 . 


38 


45 


15 


5 


3.6 


2.1 


1.3 


1.4 


63 


3.5 


0.3 


3.5 


3.5 


1.3 


1.5 


3.5 


0.9 


1.1 


0.8 


60 


1.8 


0.3 


3.0 


3.5 


0.2 


0.4 


25 


16 


11 


9 


58 


22.5 


6.0 


11.0 


27.0 


12.0 


4.0 


23 


20 


18 


15 


. 23 


23 


17 


22 


24 


12 


9 



*AU values are medians. A last-observation-carried-forward approach was used for missing data and visits and for early termination. 

|The percent improvement between base line and month 3 is shown. Patients who had values of zero at base line were omitted from 
calculations of percent change. Sixty-three patients were included in the analysis of duration of stiffness; 65 in the analysis of joints with both 
limitation of motion and pain, tenderness, or both, and pain (on a visual-analogue scale); and 67 in the analysis of patient's or parent's global 
assessment and the score on the Childhood Health Assessment Questionnaire. 

JSeventy- three joints were evaluated for the total active-joint count; 71 for limitation of motion with pain, tenderness, or both; 66 for 
swollen joints; and 71 for limitation of motion., ' ' 

§Scores could range from 0 (best) to 10 (worst). 

^Scores could range from 0 (best) to 3 (worst). 

||The normal ranges are 1 to 30 mm per hour for females and 1 to 13 mm per hour for males. 
**Scores could range from 0 (best) to 962 (worst). 
IfScores could range from 0 cm (best) to 10 cm (worst). 
$JThe normal range is 0 to 0.79 mg per deciliter. 



the effects of base-line characteristics (Table 3). With 
the exception of corticosteroid use at base line (P = 
0.05), none of the base-line characteristics were sig- 
nificant predictors of flare rates (P>0.15) (Table 3). 

The median time to flare was more than 116 days 
for patients who received etanercept and 28 days for 
patients who received placebo (P<0.001) (Fig. 2). 
Because 13 of 25 patients were still receiving etan- 
ercept at the end of the study (day 116) without dis- 
ease flare, the median time to flare was greater than 
116 days. 

Disease Response at End of Study 

The definition of improvement was based on chang- 
es from base-line values, whereas disease flare was 
based on changes from values at the time of random- 
ization to either etanercept or placebo in the double- 
blind study. Depending on the magnitude of a pa- 
tient's response in the open-label study, response to 
treatment and presence of disease flare were not mu- 
tually exclusive outcomes. For example, if a patient 
had 28 active joints at base line but only 2 active joints 
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at the time of randomization, a change to 3 active 
joints would be considered a flare (at least 30 per- 
cent worse than the condition at the time of ran- 
domization) but would also still be considered inv 
provement (at least 30 percent improved from base 
line). At the end of the seven-month study, 20 of 
the 25 patients who received etanercept in the dou- 
ble-blind study (80 percent) still met the definition 
of improvement, as compared with 9 of the 26 pa- 
tients who received placebo (35 percent, P<0.01). 

At the end of the study, 72 percent of the patients 
who received etanercept (18 patients) and 23 per- 
cent of those who received placebo (6 patients) met 
the definition of 50 percent improvement. Forty- four 
percent of the patients who received etanercept (11 
patients) and 19 percent of those who received pla- 
cebo (5 patients) met the definition of 70 percent 
improvement. Measures of disease activity continued 
to improve in patients who received etanercept in the 
double-blind study, whereas disease activity increased 
in those who received placebo (Table 2). 

Scores in the disability domain of the Childhood 



1 2 
Duration of Treatment (months) 



Figure 1. Incidence of 30, 50, and 70 Percent Improvement in 
the 69 Patients Who Received Etanercept in the Open-Label 
Study. 

At the end of the open-label study, 51 (74 percent) of the pa- 
tients had a 30 percent improvement, 44 (64 percent) had a 50 
percent improvement, and 25 (36 percent) had a 70 percent im- 
provement, as compared with base line. 



Table 3. Incidence of Disease Fiare 
in the Double-Bund Study According to 
the Base-Line Characteristics of the Patients. 



Variable* 



Total with disease flare 
Age group 

4-8 yr 

9-12 yr 

13-17 yr 
Sex 

Female 

Male 

Race or ethnic group 

White 

Black 

Hispanic 

Other 
Rheumatoid factor 

Positive 

Negative 
Type of juvenile rheumatoid 
arthritis at onset 

Pauciarticular 

Polyarticular 

Systemic 
Corticosteroid use at base linef 

Yes 

No 



Placebo Etanercept 

noTtotal no. (%) 
21/26 (81) 7/25 (28) 



4/5 (80) 
4/4 (100) 
13/17 (76) 

14/15 (93) 
7/11 (64) 

18/23 (78) 
1/1 (100) 
2/2 (100) 
0 

8/8 (100) 
13/18 (72) 



1/1 (100) 
13/17 (76) 
7/8 (88) 

12/13 (92) 
9/13 (69) 



3/13 (23) 
1/5 (20) 
3/7 (43) 

5/19 (26) 
2/6 (33) 

4/14 (29) 
1/3 (33) 
1/6 (17) 
1/2 (50) 

0/4 (0) 
7/21 (33) 



0/2 (0) 
3/14 (21) 
4/9 (44) 

3/6 (50) 
4/19 (21) 



*For each of the variables in this table, the difference in 
flare rates between the placebo and etanercept groups con- 
tinued to be statistically significant (P<0.001) when the ef- 
fect of the variable was controlled for in a logistic -regression 
model. 

tCorticosteroid use at base line was the only variable 
found to be predictive of flare rates in the placebo and etan- 
ercept groups (P=0.05) in a logistic-regression model. For 
the other variables, the P value was greater than 0.15. 



Days after Randomization 

Figure 2. Kaplan-Meier Analysis of the Time to Disease Flare. 
The median time to disease flare was significantly shorter among 
the patients who received placebo (28 days) than among those 
who received etanercept (>116 days, P<0.001) in the double- 
blind study. 



Health Assessment Questionnaire 31 ' 32 (a measure of 
the patient's physical functional ability) began to im- 
prove at the first evaluation two weeks after the be- 
ginning of etanercept treatment. At the end of the 
open-label study, a 37 percent median improvement 
in scores was seen for all patients. In the double-blind 
study, a 54 percent median improvement in scores 
from base line was seen in patients who continued to 
receive etanercept, as compared with no change from 
base line in patients who received placebo (P = 0.01). 

In a significant proportion of patients, there were 
shifts from elevated values at base line to normal val- 
ues of C-reactive protein, erythrocyte sedimentation 
rate, and white-cell and platelet counts after treatment 
with etanercept in the open-label study (I^O.OS for 
each variable). In the double-blind study as compared 
with the end of the open-label study, a significant pro- 
portion of patients who received placebo had shifts 
from normal levels of C-reactive protein and erythro- 
cyte sedimentation rates to above-normal values (P^ 
0.03 for each variable). 

Safety 

Etanercept was safe and well tolerated. There were 
no deaths. One patient withdrew because of urticaria 
after the first dose of etanercept; the urticaria respond- 
ed to oral antihistamines. This patient later received 
commercially available etanercept without recurrence 
of urticaria. Two patients who received etanercept 
were hospitalized for serious adverse events (one for 
depression and a personality disorder and one for gas- 
troenteritis-flu syndrome). All other adverse events 
were of mild-to-moderate intensity. 

In the open-label study, the most common adverse 
events were injection-site reactions (39 percent of pa- 
tients), upper respiratory tract infections (35 percent), 
headache (20 percent), rhinitis (16 percent), abdom- 
inal pain (16 percent), vomiting (14 percent), pharyn- 
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gitis (14 percent), nausea (12 percent), gastrointes- 
tinal infection (12 percent), and rash (10 percent). 

In the double- blind study, there were no significant 
differences in the frequencies of adverse events be- 
tween patients who received etanercept and those who 
received placebo. Injection-site reactions occurred in 
one patient in each of the treatment groups in the 
double-blind study. There were no laboratory abnor- 
malities requiring urgent treatment in the etanercept 
group. No patient had persistent elevations in auto- 
antibodies or had signs or symptoms of another auto- 
immune disease. Two patients tested positive for non- 
neutralizing antibody to etanercept. Fifty-nine of the 
68 eligible patients in the study chose to continue 
treatment in an open-label, extended-treatment study. 

DISCUSSION 

The choice of a second-line agent for the treatment 
of juvenile rheumatoid arthritis has become more 
difficult because placebo-controlled trials and long- 
term prospective studies in children with . juvenile 
rheumatoid arthritis have shown a lack of efficacy of 
agents commonly used in adults. 33 37 Methotrexate is 
not efficacious or well tolerated in some patients with 
juvenile rheumatoid arthritis, and higher doses of 
methotrexate may be associated with greater toxicity. 7 
The design of this double-blind, placebo-controlled 
trial was sensitive to the problems of the population 
of patients with severe juvenile rheumatoid arthritis, 
for whom few treatment options are available. The 
study design allowed all patients to try the new treat- 
ment; only those who had a response to treatment 
were enrolled in the randomized portion of the trial. 
In addition, the definition of disease flare did not re- 
quire the disease to become as severe as at base line. 
The protocol allowed patients to discontinue the study 
immediately after disease flare and be treated with 
etanercept in an open-label, long-term program. With 
the definition of disease flare used in this study, we 
effectively demonstrated differences in flare rates be- 
tween the treatment groups. 

The dose of etanercept used in this study (0.4 mg 
per kilogram) provided a favorable risk- benefit pro- 
file in children with polyarticular juvenile rheumatoid 
arthritis. Adverse events were of the types and inten- 
sity seen in a general pediatric population. There were 
no life-threatening adverse events, and the events were 
self-limited. A continued response was documented 
in patients who received etanercept in the double- 
blind study. At the end of the study, 80 percent of 
the patients who received etanercept for seven months 
met the definition of 30 percent improvement, as 
compared with 35 percent of the patients who re- 
ceived etanercept for three months and placebo for 
up to four months. 

The results of this study confirm that TNF, lym- 
photoxin-a, or both have a role in juvenile rheuma- 
toid arthritis, and that inhibition of these substances 



is a valid therapeutic intervention. Etanercept was 
effective in pediatric patients with severe polyarticu- 
lar juvenile rheumatoid arthritis (regardless of the type 
of onset) who did not tolerate or have an adequate 
response to methotrexate. The significant clinical re- 
sponse supports the use of etanercept in children with 
juvenile rheumatoid arthritis. 



Supported by Immuncx Corporation, Seattle, which provided the study 
drug and grants to investigational sites, by the Children's Hospital Foun- 
dation of Cincinnati, and by grants from the National Institutes of Health 
(AR42632 and AR44059-P60 MAMDC). 

Drs. Lovcll and Giannini have served as ad hoc consultants to Immuncx. 

We are indebted to the following members of the Pediatric Rheu- 
matology Collaborative Study Group, who served as investigators at 
the clinical sites and made critically important contributions to this 
study: Bram Bernstein, M.D., Ronald Laxer, M.D.Judyann Olson, 
M.D., Ann Marie Reed, M.D, Rayfel Schneider, M.B., B.Ck, 
Bracha Shaham, M.D., David Sherry, M.D., and Brian Feldman, 
M.D.; to Jeffrey Siegel, M.D, and Lisa Rider, M.D, at the Food and 
Drug Administration for assistance in designing the protocol; to 
clinical research associates Lawrence Soffes and Kate Flanders at 
Immunex Corporation; to study-site coordinators Nikki Bradford, 
Sophie Costilla, Karen Felty, Trudy Leicht, Mark Massanari, Josee 
Qiunneville, Kathy Salmonson, Janalee Taylor, Edna Williams, and 
Diann Wingert; and to Orysia V Lutzfor editorial assistance, 

REFERENCES 

1. Peterson LS V Mason T, Nelson AM, O'Fallon WM, Gabriel SE. Juvenile 
rheumatoid arthritis in Rochester, Minnesota 1960-1993: is the epidemi- 
ology changing? Arthritis Rheum 1996;39:1385-90. 

2. Petty RE, Malleson P. Epidemiology of juvenile rheumatoid arthritis 
World Pediatr Child Care 1987;3:205-10. 

3. Giannini EH, Brewer EJ, Kuzmina N, et al. Methotrexate in resistant 
juvenile rheumatoid arthritis: results of the U.S.A. -U.S.S.R. double-blind, 
placebo-controlled trial. N Engl J Med 1992;326:1043-9. 

4. Giannini EH, Newman AJ, Fink CW. Low-dose methotrexate in chil- 
dren with JRA: results of a post-trial, long-term follow-up program Ar- 
thritis Rheum 1993;36:Suppl:S54. abstract. 

5. Graham LD, Myones BL, Rivas-Chacon RF, Pachman LM. Morbidity 
associated with long-term methotrexate therapy in juvenile rheumatoid ar- 
thritis. J Pediatr 1992;120:468-73. 

6. Halle F, Prieur AM. Evaluation of methotrexate in the treatment of ju- 
venile chronic arthritis according to the subtype. Clin Exp Rheumatol 
1991;9:297-302. 

7. Wallace CA, Sherry DD. Preliminary report of higher dose methotrex- 
ate treatment in juvenile rheumatoid arthritis. J Rheumatol 1992- 19- 
1604-7. 

8. Rriff A, Shaham B, Wood BP, Bernstein BH, Stanley P, Szer IS. High 
dose methotrexate in the treatment of refractory juvenile rheumatoid ar- 
thritis. Clin Exp Rheumatol 1995;13:113-8, 

9. Wallace CA. The use of methotrexate in childhood rheumatic diseases 
Arthritis Rheum 1998;41:381-91. 

10. Thornton SC, Por SB, Penny R, Richter M, Shelley L, Breit SN. Iden- 
tification of the major fibroblast growth factors released spontaneously in 
inflammatory arthritis as platelet derived growth factor and tumour necro- 
sis factor-alpha. Clin Exp Immunol 1991;86:79-86. 

11. Dayer JM, Beutler B, Cerami A. Cachectin/rumor necrosis factor 
stimulates coUagenase and prostaglandin ^ production by human synovial 
cells and dermal fibroblasts. J Exp Med 1985;162:2163-8. 

12. Bertolini DR, Nedwin GE, Bringman TS, Smith DD, Mundy GR. 
Stimulation of bone resorption and inhibition of bone formation in vitro 
by human tumour necrosis factors. Nature 1986;319:516-8. 

13. Saklatvala J. Tumour necrosis factor a stimulates resorption and inhib- 
its synthesis of proteoglycan in cartilage. Nature 1986;322:547-9. 

14. von Asmuth EJU, van der Linden CJ, Leeuwenberg JFM, Buurman 
WA. Involvement of the CDllb/CD18 integrin, but not of the endothe- 
lial cell adhesion molecules ELAM-1 and ICAM-1 in tumor necrosis fac- 
tor-a-induced neutrophil toxicity. J Immunol 1991;147:3869-75. 

15. Beckham JC, Caldwell DS, Peterson BL, et al. Disease severity in 
rheumatoid arthritis: relationships of plasma tumor necrosis factor-a, solu- 
ble interleukin 2-receptor, soluble CD4/CD8 ratio, neopterin, and fibrin 



768 - March 16, 2000 



ETANERCEPT IN CHILDRWWiTH POLYARTICULAR JUVENILE RHEUMAT^tRTHRITIS 



F 



D-dimcr to traditional severity and functional measures; J Clin Immunol 
1992;12:353-61. 

16. Brennan FM, Chantry D, Jackson A, Maini R, Fetdmann M. Inhibi- 
tory effect of TNFa antibodies on synovial cell interleukin-1 production in 
rheumatoid arthritis. Lancet 1989;2:244-7 

17. Saez-Llorcns X, Jafari HS, Olsen KD, Nariuchi H, Hansen EJ, Mc- 
Cracken GH Jr. Induction of suppurative arthritis in rabbits by Haemoph- 
ilus endotoxin, tumor necrosis factor-ar, and interleukin-1 0. J Infect Dis 
1991;163:1267-72. . . 

18. Mangge H, Kenyan H, Gallistl S, et al. Serum cytokines in juvenile 
rheumatoid arthritis: correlation with conventional inflammation parame- 
ters and clinical subtypes. Arthritis Rheum 1995;38:211-20. 

19. Eberhard BA, Laxcr RM, Andersson U, Silverman ED. Local synthesis 
of both macrophage and T cell cytokines by synovial fluid cells from chil- 
dren with juvenile rheumatoid arthritis. Clin Exp Immunol 1994;96:260-6. 

20. Grom AA, Murray KJ, Luyrink L, et al. Patterns of expression of tu- 
mor necrosis factor a, tumor necrosis factor 0, and their receptors in syn- 
ovia of patients with juvenile rheumatoid arthritis and juvenile spondyloar- 
thropathy. Arthritis Rheum 1996;39:1703-10. 

21. Mohler KM, Sleath PR, Fitzner JN, et al. Protection against a lethal 
dose of endotoxin by an inhibitor of tumour necrosis factor processing. 
Nature 1994;370:218-20. 

22. Mohler KM, Torrance DS, Smith CA, et al. Soluble tumor necrosis 
factor (TNF) receptors are effective therapeutic agents in lethal endotox- 
emia and function simultaneously as both TNF carriers and TNF antago- 
nists. J Immunol 1993;151:1548-61. 

23. Moreland LW, Baumgartner SW, SchifTMH, et al. Treatment of rheu- 
matoid arthritis with a recombinant human tumor necrosis factor receptor 
(p75)-Fc fusion protein. N Engl J Med 1997;337:141-7. 

24. Moreland LW, SchiffMH, Baumgartner SW, et al. Etanercept therapy 
in rheumatoid arthritis: a randomized, controlled trial. Ann Intern Med 
1999;130:478-86. 

25. Weinblatt ME, Kroner JM, Bankhurst AD, et al. A trial of etanercept, a 
recombinant tumor necrosis factor rcceptonFc fusion protein, in patients with 

• rheumatoid arthritis receiving methotrexate. N Engl J Med 1999;340:253-9. 



26. Giannini EH, Ruperto N, Ravelli A, Lovell DJ, Fclson DT, Martini A. 
Preliminary definition of improvement in juvenile arthritis. Arthritis 
Rheum 1997;40:1202-9. 

27. Giannini EH, Lovell DJ, Felson DT, Goldsmith CH. Preliminary core 
set of outcome variables for use in JRA clinical trials. Arthritis Rheum 
1994;37:Suppl:S428. abstract. 

28. Giannini EH, Cassidy JT. Methotrexate in juvenile rheumatoid arthri- 
tis: do the benefits outweigh the risks? Drug Saf 1993;9:325-39. 

29. Stuart A. A test for homogeneity of the marginal distributions in a 
two-way classification. Biometrika 1955;42:412-6. 

30. Mehta CR, Walsh SJ. Comparison of exact, mid-p, and Mantel -Haens- 
zel confidence intervals for the common odds ratio across several 2x2 
contingency tables. Am Stat 1992;46:146-50. 

31. Singh G, Athreya BH, Fries JF, Goldsmith DP, Measurement of health 
status in children with juvenile rheumatoid arthritis. Arthritis Rheum 
1994;37:1761-9. 

32. Ramey DR, Raynauld JP, Fries JF. The Health Assessment Question- 
naire 1992: status and review. Arthritis Care Res 1992;5:119-29. 

33. Brewer EJ, Giannini EH, Kuzmina N, Alekseev L. Penicillamine and 
hydroxychloroquine in the treatment of severe juvenile rheumatoid arthri- 
tis: results of the US.A.-U.S.S.R. double-blind placebo-controlled trial. 
N Engl J Med 1986;314:1269-76. 

34. Giannini EH, Brewer EJ, Kuzmina N, Alekseev L, Shokh BP. Charac- 
teristics of responders and nonresponders to slow-acting antirheumatic 
drugs in juvenile rheumatoid arthritis. Arthritis Rheum 1988;31:15-20. 

35. Giannini EH, Brewer EJ Jr, Kuzmina N, Shaikov A, Wallin B. Auran- 
ofin in the treatment of juvenile rheumatoid arthritis: results of the USA- 
USSR double-blind, placebo -controlled trial. Arthritis Rheum 1990;33: 

466-76. . , • 

36. Giannini EH, Barron KS, Spencer CH, et al. Auranofin therapy for ju- 
venile rheumatoid arthritis: results of the five-year open label extension tri- 
al. J Rheumatol 1991;18:1240-2. 

37. Silverman ED, Giannini EH, Cawkwell G. Intravenous immune glob- 
ulin in systemic JRA: results of a randomized controlled trial. Arthritis 
Rheum 1993;36:Suppl:S59. abstract. 



IMAGES IN CLINICAL MEDICINE 

The Journal has a large backlog of Images in Clinical Medicine 
that have been accepted for publication. Therefore, we will 
not consider new submissions in 2000. This decision will be 
reevaluated in December. 
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Summary 

Background Etanercept, a tumour-necrosis-factor inhibitor, 
has shown efficacy in the treatment of rheumatoid arthritis. 
Psoriatic arthritis and psoriasis are disease states in which 
tumour necrosis factor, a proinflammatory cytokine, is 
present in increased concentrations in joints and in the 
skin. Therefore, psoriatic arthritis and psoriasis may be 
appropriate therapeutic targets for etanercept. 

Methods This randomised, double-biind, placebo- 
controlled, 12 week study assessed the efficacy and safety 
of etanercept (25 mg twice-weekly subcutaneous injections) 
or placebo in 60 patients with psoriatic arthritis and 
psoriasis. Psoriatic arthritis endpoints included the 
proportion of patients who met the Psoriatic Arthritis 
Response Criteria (PsARC) and who met the American 
College of Rheumatology preliminary criteria for 
improvement (ACR20). Psoriasis endpoints included 
improvement in the psoriasis area and severity index (PASI) 
and improvement in prospectively-identified individual 
target lesions. 

Findings In this 12 week study, 26 (87%) of etanercept- 
treated patients met the PsARC, compared with seven 
(23%) of placebo-controlled patients. The ARC20 was 
achieved by 22 (73%) of etanercept-treated patients 
compared with four (13%) of placebo-treated patients. Of 
the 19 patients in each treatment group who could be 
assessed for psoriasis (s*3% body surface area), five (26%) 
of etanercept-treated patients achieved a 75% improvement 
in the PASI, compared with none of the placebo-treated 
patients (p=0-015). The median PASI improvement was 
46% in etanercept-treated patients versus 9% in placebo- 
treated patients; similarly, median target lesion 
improvements were 50% and 0, respectively. Etanercept 
was well tolerated. 

Interpretation Etanercept offers patients with psoriatic 
arthritis and psoriasis a new therapeutic option for control 
of their disease. 

Lancet 2000; 356: 385-90 
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Introduction 

Commonly used topical therapies for skin lesions in 
psoriasis include moisturisers, corticosteroids, tar, 
anthralin, vitamin D analogues and retinoids, and 
ultraviolet-light therapy. When these therapies are 
inadequate, systemic therapies such as psoralen- 
ultraviolet-light treatment, methotrexate, ciclosporin, 
and acitretin may be used. 1-2 However, toxicities often 
limit the usefulness of these therapies. 3-5 

Psoriatic arthritis affects from 5% to 7% of patients 
with psoriasis. 6 Although psoriatic arthritis may present 
in a symmetric polyarticular form similar to rheumatoid 
arthritis, unique features include the potential for 
asymmetric, oligoarticular, axial and/or distal 
interphalangeal joint involvement, dactylitis, and 
enthesial inflammation. 7 Like rheumatoid arthritis, this 
disorder results in joint damage, disability, and increased 
mortality. 8 " 11 

Therapy for psoriatic arthritis has largely been derived 
from clinical experience in rheumatoid arthritis, without 
corroborating evidence from studies in patients with 
psoriatic arthritis. 12-14 The response to therapy is often 
unsatisfactory. The few controlled trials assessing 
patients with psoriatic arthritis have not shown 
consistent efficacy. 15 " 20 

Etanercept functions by inhibiting tumour necrosis 
factor, a proinflammatory cytokine that is involved in 
many inflammatory disorders, including both psoriatic 
arthritis and psoriasis. Tumour necrosis factor has been 
shown to be increased in synovial fluid and synovium in 
patients with psoriatic arthritis and in the skin of 
psoriatic lesions. 21 * 24 Tumour-necrosis-factor inhibition 
with etanercept has previously been shown to diminish 
the activity of rheumatoid arthritis. 25 Our study was 
undertaken to assess the benefit of etanercept in 
psoriatic arthritis and psoriasis. 

Methods 

Patients 

Eligible patients were adults between 18 and 70 years 
who had active psoriatic arthritis (defined as 2*3 swollen 
joints and 5*3 tender or painful joints) at the time of 
study enrolment. Patients must have had an inadequate 
response to non-steroidal anti-inflammatory drugs and 
were thought candidates for immunomodulatory 
therapy. Patients taking methotrexate (^25 mg/week) 
were allowed to continue methotrexate if the dose was 
stable for 4 weeks before study start and remained stable 
throughout the study. Other disease-modifying anti- 
rheumatic drugs (DMARDs) were discontinued at least 
2 weeks before beginning the study drug and were not 
allowed during the study. Corticosteroids were allowed 
if the dose was less than or equal to 10 mg/day of 
prednisone, stable for at least 2 weeks before the first 
dose of study drug, and maintained at a constant dose 
throughout the study. Patients . with evidence of skin 
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conditions other than psoriasis (su^P&s eczema) were 
not allowed to enter the study. Topical therapies and 
oral retinoids for psoriasis were discontinued at least 2 
weeks before the baseline evaluation and phototherapy 
was discontinued at least 4 weeks before treatment. All 
patients were required to have hepatic transaminase 
concentrations no greater than twice the upper limit of 
normal, haemoglobin 85 g/L or higher, platelet count 
125000 per mL or more, and serum creatinine 152-4 
mmol/L or below. 

Study protocol 

The protocol was approved by the human research 
committee for the centre, and all patients gave written 
informed consent before entering the study. Clinical and 
laboratory assessments done at screening, baseline, and 
12 weeks, and consisted of physical examination, vital 
signs, measures of disease activity (arthritis and 
psoriasis), concomitant medications, laboratory studies 
(haematology, serum chemistry, urinalysis), and 
monitoring of adverse events. Additionally, arthritis 
disease-activity measures, adverse events, and 
concomitant medications were monitored at 4 weeks, 8 
weeks, and 30 days after the last dose of the study drug 
(for those patients who withdrew prematurely). The 
measures of arthritis disease activity included 
assessments of 78 joints for tenderness and 76 joints for 
swelling (graded 0-3), patient's and physician's global 
assessments (on a 0-5 Likert scale), patient's assessment 
of pain, patient's assessment of disability as indicated by 
responses on the Health Assessment Questionnaire 
(HAQ), erythrocyte sedimentation rate, and serum 
concentration of C-reactive protein. Only patients with 
plaque psoriasis affecting greater than or equal to 3% of 
body surface area were assessed for skin disease. The 
measures of psoriasis activity included the psoriasis area 
and severity index (PASI) 26 and assessments of 
prospectively identified lesions (target lesions, assessed 
for plaque elevation, scaling, and erythema). Adverse 
events and abnormal laboratory values were graded on a 
scale derived from the common toxicity criteria of the 
National Cancer Institute. 

Treatment 

Patients with psoriatic arthritis were randomised to 
receive either placebo or etanercept (Enbrel) at a dose of 
25 mg twice weekly by subcutaneous administration for 
12 weeks. Patients who continued on methotrexate were 
randomised separately. A block randomisation was used: 
within each group of four patients enrolled, two were 
assigned at random to the placebo group and two to the 
etanercept group. Etanercept was supplied as a sterile, 
lyophilised powder in vials containing 25 mg etanercept, 
40 mg mannitol, 10 mg sucrose, and 1-2 mg 
tromethamine per vial. Placebo was identically supplied 
and formulated except that it contained no etanercept. 
Each vial was reconstituted with 1 mL bacteriostatic 
water for injection. 

Study endpoints 

The primary endpoint with respect to efficacy in 
psoriatic arthritis was the proportion of patients who met 
the Psoriatic Arthritis Response Criteria (PsARC, 
adapted from Clegg and colleagues) 15 at 12 weeks. This 
composite measure requires improvement in two factors 



Characteristic 


Placebo 
(n=30) 


Etanercept 
(n=30) 


Median (range) age (years) 


43-5 (24 0-63 0) 


46 0 (30 0-70-0) 


Male 


18 (60%) 


16 (53%) 


White 


25 (83%) 


27 (90%) 


Median (range) weight (kg) 


81-4 (60-3-131-5) 


907 (58 0-1410) 


Duration psoriatic arthritis (years, 
median [range]) 


9-5 (1 -0-30-0) 


9-0 (1-0-31-0) 


Duration psoriasis (years, median) [range] 


17-5 (20-430) 


190 (4-0-53-0) 


Number previous DMARDS (median [range]) 


2-0<l-0-5-0) 


1-5 (0-4-0) 


Concomitant therapy during study 

Corticosteroids 

NSAIDs 

Methotrexate 


12 (40%) 
23((77%) 
14 (47%) 


6(20%) 
20 (67%) 
14 (47% 


Patients e valuable* for psoriasis endpoints 
(median [range]) 

Duration of psoriasis in years 
Baseline PASI score 
Target lesion assessment 


(n=19) 

2-0 (5-O-43-0) 
6-0 1-5-17-7) 
6-0 (3*0^8-0) 


(n=19) 

20 0 (40-530) 
101 (2-3-30-0) 
6-0 (30-90) 



*^3% body surface area involvement. 

Table 1: Demographic and clinical characteristics 

(with at least one being a joint score) , with worsening in 
none, of the following four factors: patient and physician 
global assessments (improvement defined as decrease by 
5= 1 unit; worsening defined as increase by ^ 1 unit); and 
tender and swollen joint scores (the sums of all joints 
scored; improvement defined as decrease by ^30%; 
worsening defined as increase by 5=30%). A secondary 
endpoint for the assessment of psoriatic arthritis was 
the proportion of patients meeting the American College 
of Rheumatology preliminary criteria for improvement 
(ACR20; designed for assessment of rheumatoid 
arthritis) 27 at 12 weeks, which requires at least 
20% reductions in tender and swollen joint counts and 
in at least three of the following: patient's assessment of 
pain, patient's global assessment, physician's global 
assessment, patient's assessment of disability, and acute 
phase reactant (C-reactive protein). ACR50 and ACR70 
were also assessed (defined in a similar manner as 
ACR20, but with improvement of at least 50% and 70% 
in the individual measures, respectively). Individual 
measures of arthritis disease activity were also assessed. 

The primary endpoint with respect to efficacy in 
psoriasis was the proportion of patients achieving a 75% 
improvement in psoriasis activity from baseline to 12 



71 considered 



11 excluded 
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1 


f 
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26 completed study* 
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30 analysed for 
primary endpoint 



Figure 1: Trial profile 

♦Last observation was carried forward for efficacy analyses. 
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Etanercept 
(n=30) 



Placebo 
(n=30) 

4(13) 
8(27) 
7(23) 

Secondary endpolnt— achieved at 12 weeks 

ACR20 22(73) 4(13) 

ACR50 15(50) 1(3) 

ACR70 4 (13) 0 



^Jll^rel 



>nce 95% CI p 



Primary endpobit— achieved PsARC 

4 weeks 23 (77) 

8 weeks 25(83) 
12 weeks 26 (87) 



63% 
57% 
63% 



44-83 <0*0001 
36-77 <00001 
44-83 <0*0001 



60% 
47% 
13% 



40-80 <00001 
28-66 00001 
1-26 0 0403 



Table 2: Psoriatic arthritis endpotnts— number achieving 
PsARC and ACR20, ACR50, and ACR70, baseline to week 12 

weeks as measured by the PASI. 26 Additional analyses 
were done of the percentage change in PASI scores and 
improvement in the target psoriasis lesions. 

Statistical analyses 

On the assumption that response rates of 30% in the 
placebo group and 75% in the etanercept group, the 
sample size of 30 patients per treatment group gave over 
80% power to detect a significant difference between 
treatments in the primary endpoint, by a two-sided 
a =0-05 level test. Proportions of patients responding 
were compared between treatment groups with the 
Mantel-Haenszel x 2 test, adjusted for the stratification 
variable, methotrexate use. Continuous efficacy variables 
(percentage change from baseline) were ranked and 
analysed by a general linear model with factors of 
treatment, methotrexate use, and their interaction. The 
frequency of adverse events was compared between 
treatment groups with Fisher's exact test. The Breslow- 
Day test was used to test for heterogeneity of relative 
response between methotrexate use strata. All tests were 
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Figure 2: Percentage off patients with PsARC responses over 
time and with ARC 20, ARC50, and ARC70 responses at 12 
weeks 

*p<0 0001. fp=00001. 
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Figure 3: Percentage of patients with at least 25%, 50%, and 
75% improvements In PASI and target lesion scores 

*p=0-0154. fp=0-0098. $p=0-0006. 

two-sided. The last available observation was used for 
patients who discontinued treatment before the end of 
study. 

Results 

Table 1 shows baseline demographic and clinical 
characteristics. 60 patients were randomised, 30 in each 
treatment arm (figure 1). The median age was 45 years 
(range 24-70) and the median duration of psoriatic 
arthritis was 10 years (1-31). The median duration of 
psoriasis was 18 years (2-53) for all patients in the study 
and was 20 years (4-53) for the 38 patients with 
evaluable psoriasis (19 patients in each group). The 
median active joint counts at baseline were 20 tender 
and 14 swollen joints. The groups were well balanced in 
all characteristics except that twice as many patients in 
the placebo group were receiving corticosteroids than in 
the etanercept group, and in the groups evaluable for 
psoriasis, the placebo group had lower baseline PASI 
scores. All patients in the etanercept group completed 
the 12 week study; four patients in the placebo group 
discontinued the study prematurely, three for lack of 
efficacy or refusal and one was lost to follow-up. 

Efficacy of etanercept in psoriatic arthritis 
The etanercept group had statistically better outcomes 
for all clinical endpoints (table 2, figure 2). The primary 
endpoint for psoriatic arthritis, the number of patients 
who met the PsARC at 12 weeks, was achieved by 26 
(87%) etanercept-treated patients compared with seven 
(23%) placebo-treated patients (p<0-0001). The 
response was significantly greater at all measured time 
points in patients who received etanercept relative to 
those receiving placebo. The ACR response rates were 
also significantly higher in the etanercept-treated group. 
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PlaceboV^ 


Etanercept 




(n=30) 


(n=30) 


Tender Joint count* 






Baseline 


19 0 (10, 39) 


22-5 (11, 32) 


12 weeks 


22-5(11, 47) 


6-0 (1, 11) 


Swollen joint countt 






Baseline 


14-7 (7, 24) 


14 0 (8, 23) 


12 weeks 


11-0 (5, 28) 


3 0 (1, 8) 


HAQi 






Baseline 


1-2 (0-8, 1-6) 


1-3 (0-9, 1-6) 


12 weeks 


1-1 (0-5, 1-5) ■ 


0-1 (0, 1) 


ESR§ 






Baseline 


16 (9, 29) 


22 (9, 34) 


12 weeks 


18 (6, 40) 


5 (3, 12) 


CRP|| 






Baseline 


12 (8, 22) 


14 (7, 28) ' 


12 weeks 


14 (4, 23) 


4 (3, 11) 



p<0-001 for all treatment comparisons. 

*Scale 0-78; fScale 0-76; $0=best, 3=worst; §Normal range: 1-13 mm/h for men; 

1-30 mm/h for women; ||Normal range: 0-0-78 mg/L 

ESR=erythrocyte sedimentation rate. CRP=C-reactive protein. 

Table 3: Secondary psoriatic arthritis end point — median (25th 

and 75th percentiles) values of disease activity, baseline, and 

12 weeks 

At 12 weeks, the ACR20 was achieved by 22 (73%) 
etanercept-treated patients compared with four (13%) 
placebo-treated patients (p<0-0001). 

At 12 weeks, the etanercept group showed significant 
improvement in all measures of disease activity 
compared with the placebo group (p=£ 0*0002). The 
median percentage improvements in tender and swollen 
joints counts for etanercept-treated patients were 75% 
and 72%, respectively, compared with 5% worsening 
and 19% improvement in placebo-treated patients. 
Disability, as assessed by responses on the Health 
Assessment Questionnaire, was also significantly more 
improved in the etanercept group than in the placebo 
group, with improvements of 83% and 3% from 
baseline, respectively (p<0 0001, table 3). 

Table 4 shows the results of a comparison of 
patients treated with etanercept and placebo who 
achieved 100% improvement in individual disease- 
activity measures at 12 weeks. Ten (34%) patients in the 
etanercept group achieved disability index scores of 0 
(no disability) at 12 weeks, compared with only one 
(3%) patient in the placebo group. In addition, seven 
(23%) of patients in the etanercept group had no swollen 
joints and four (13%) had no tender joints, compared 
with none in both cases in the placebo group. 



Characteristic 


Placebo 


Etanercept 




(n=30) 


(n=30) 


Factor (actual value) 4 






Tender joint count (none) 


0 


4(13) 


Swollen joint count (none) 


0 


7(23) 


Total tender/ swollen joint count (none) 


0 


3(10) 


Physician global assessment (0) 


0 


6(20) 


Patient global assessment (0) 


0 


5(17) 


Morning stiffness (none)f 


1(3) 


11 (39) 


Pain assessment (none) 


0 


5(17) 


HAQ(0)$ 


1(3) 


10 (34) 


ESR (normal)§ 


12 (48) 


23 (82) 


CRP (supper limit of normal)§ 


8(32) 


21(75) 



Values for disease activity (especially laboratory tests) were not available for all patients 
at all time points. 

*Except for laboratory measures, a non-zero score at baseline was required for a patient 
to be included in this table. 

fFor morning stiffness, n=29 in placebo group, n=28 in etanercept group. 
JFor disability index, n=29 in etanercept group. 

§For ESR and CRP tests, n=25 in placebo group, n=28 in etanercept group. 
Table 4: Number (%) of patients with 100% improvement In 
Individual disease-activity measures at 12 weeks 



Upper respiratory tract events 

Respiratory tract infection 

Pharyngitis 

Rhinitis 

Sinusitis 

Influenza syndrome 
Injection-site bruise 
Injection-site reaction 
Headache 
Fatigue 



ffacebo 


Etanercept 


P* 


(n=30) 


(n=30) 




17 (57%) 


17 (57%) 


10000 


4 (13%) 


8 (27%) 


0*3334 


3 (10%) 


5 (17%) 


0-7065 


4 (13%) 


5 (17%) 


10000 


2(7%) 


3 (10%) 


1-0000 


6 (20%) 


o 


0-0237 


5 (17%) 


6 (20%) 


10000 




D (ZLTfcJ 




3 (10%) 


4 (13%) 


10000 


0 


4 (13%) 


01124 



*Fisher*s exact test. 

Table 5: Number of adverse events of all Intensities 

Efficacy of etanercept in psoriasis 

Etanercept was also effective in improving the skin 
lesions of psoriasis in the trial (figure 3). Of the 19 
patients in each treatment group who were evajuable for 
psoriasis (5=3% of body surface area involvement), five 
(26%) of patients in the etanercept group achieved the 
primary psoriasis endpoint — a 75% improvement in 
PASI at 12 weeks — compared with no patients in the 
placebo group (p=0*0154). Similar differences between 
treatment groups were also seen at the 25% and 50% 
improvements in the PASI scores; in fact, the median 
improvement in PASI score was 46-2% in patients 
receiving etanercept, compared with 8-7% in the placebo 
group (p=0-0032). 

Additionally, the median response of a prospectively 
defined target lesion in the etanercept group was 50%, 
compared with none in the placebo group (p=0-0004). 

Examination of results in patients who were or were 
not receiving concomitant methotrexate therapy showed 
that etanercept was consistently better than placebo in 
both strata. An imbalance in corticosteroid use and 
PASI scores existed between the two treatment groups at 
baseline that might have affected the results of the study. 
Additional analyses showed that these baseline 
imbalances did not affect the conclusions of the study 
(data not shown). 

Safety 

All 30 of the etanercept patients completed the 12 week 
course of therapy, and 26 of 30 (87%) placebo patients 
completed the study. No serious adverse events were 
reported in the patients receiving etanercept; one serious 
adverse event occurred in a placebo patient (hospitalised 
for surgery to correct a rectal tear). No patients 
developed infections that required hospitalisation or 
intravenous antibiotics. 

The most common adverse events in the study were of 
the upper respiratory tract and injection-site reactions. No 
attempt was made to specifically distinguish infectious 
versus non-infectious adverse events in this study; however, 
event terms that could potentially refer to infections of the 
upper respiratory tract are grouped in table 5. Injection-site 
reactions were mild and well tolerated. No adverse events 
occurred in a significantly greater proportion in the 
etanercept group relative to the placebo group. 

Discussion 

Few double-blind, placebo-controlled trials have been 
done in patients with psoriatic arthritis. Most therapies 
used to treat psoriatic arthritis have been attempted 
because they showed benefit in patients with rheumatoid 
arthritis or were therapies that yielded apparent benefit 
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ip open uncontrolled trials. The^w controlled trials 
with patients with psoriatic arthritis have yielded 
inconsistent results. 15 ' 20 

Aside from non-steroidal anti-inflammatory agents, 
methotrexate has become the most commonly used agent 
in patients with psoriatic arthritis. 17 Early reports 
described improvement in joint disorder with aminopterin 
(an analogue of methotrexate). 28,29 One placebo-controlled 
trial with high-dose methotrexate (1-3 mg/kg) showed 
improvement in joint disease activity in psoriatic 
arthritis; 18 a second trial showed only improvement in the 
physician's assessment of arthritis activity. 19 These studies 
also showed some improvement in psoriasis 3 particularly 
in the percentage of body surface area involved. 

Cyclosporin has been compared with methotrexate in 
an open trial in psoriatic arthritis. 4 This 23-patient trial 
showed improvement with each therapy; responses in 
arthritis measures were greater with methotrexate, and 
psoriasis scores (PASI) improved more with ciclosporin. 
The study was not powered to show a difference in 
response between the two active agents. A randomised 
double-blind trial of ciclosporin in patients with psoriasis 
showed significant benefit in psoriasis. 2 However, 
toxicities were a limiting factor. 2,4,5 

Other disease-modifying agents of rheumatic disease, 
including sulfasalazine and gold therapy, have been 
assessed in psoriatic arthritis. Few or no benefits were 
shown in either psoriatic arthritis or psoriasis. 15-20 

There is a need for a new therapy to treat both 
psoriatic arthritis and psoriasis. Etanercept has been 
shown in previous trials to be effective against 
rheumatoid arthritis with no serious toxic effects. In two 
randomised controlled trials of etanercept (25 mg 
subcutaneously twice weekly) in patients with active 
DMARD-refractory rheumatoid arthritis, 59-71% of 
etanercept patients achieved the ACR20 response at 6 
months, compared with 11-23% of placebo patients 
(p<0-001); 39-40% and 3-5% of patients, respectively, 
achieved the ACR50 response (p<0-01). 25,30 Etanercept 
was well tolerated and showed no evidence of significant 
toxicity, with mild injection-site reactions being the only 
adverse event associated with etanercept administration. 

This trial shows that etanercept provides clinically 
significant benefit to patients with active psoriatic 
arthritis. Contrary to studies with other antirheumatic 
agents where at most a small number of variables 
reached significance, etanercept resulted in significant 
clinical benefit in the composite measures (PsARC, 
ACR20, and ACR50) and in each individual factor of 
disease activity. Additionally, psoriasis improved as 
measured by the PASI and the target-lesion assessment. 
Although the study population was powered to 
demonstrate efficacy and was too small to clearly predict 
the safety of etanercept in patients with psoriatic arthritis 
and psoriasis, the safety profile of etanercept in these 
patients was similar to that previously reported in the 
rheumatoid arthritis population. 25,30 

Further study in this population would be useful to 
further establish the safety profile of etanercept in 
psoriatic arthritis and psoriasis. Whether etanercept 
would improve articular damage measured 
radiographically should be examined. 

The results of this study indicate that blocking tumour 
necrosis factor in both psoriatic arthritis and psoriasis 
may offer a new therapeutic option for patients with both 
diseases. 
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EFFECT OF TNFcr BLOCKADE ON SYNOVIAL HISTOLOGY IN SPONDYLOARTHROPATHY. D 
Baeten, P Debater, E Kmithof, F Van den Bosch, N Van Damme, C Cuvelier, H Mielants, E M Veys, 
F De Keyser Belgium 
**-^ 

Objectives: Based on the therapeutic benefit of anti-TNTa treatment in 4 patients with SpA 
associated with Crohn's disease, 21 therapy-resistant SpA patients were treated with infliximab 
(5mg/kg) at week 0, 2 and 6 in an open label pilot study. There was a dramatic and highly significant 
improvement of both axial and peripheral symptoms. In order to substantiate the effect on 
peripheral arthritis and to investigate the immunological mechanisms of TNFa blockade, synovial 
histology was evaluated in 8 SpA patients. 

Methods: Synovial biopsies were obtained at baseline, week 2 and week 1 2 and used for histology 
and immunohistochemistry. 

Results: Synovial lining layer thickness tended to decrease, with a significant reduction of CDS 5 + 
synoviocytes at week 12 (p=0.025). In the sublining layer, vascularity was reduced at week 12 
(p= 0.020) with a decreased endothelial expression of VCAM-1 (p= 0.042) but not ICAM-1, 
PECAM-1 and E-selectin. Although at week 2 and week 12 the number of neutrophils (p=0.038 and 
p= 0.041) and CD68+ macrophages (p =0.020 and p= 0.026) in the sublining layer was decreased, 
the overall degree of inflammatory infiltration remained unchanged. This could be due to the 
lymphocyte infiltration as only CD4+ cells (but not CD3+, CD45RO+ and CD8+ cells) tended to 
decrease, while CD20+ lymphocytes (p=0.038) and plasma cells (p=0.042) were even increased. 

Conclusion: The reduction in lining layer thickness, vascularity and infiltration with neutrophils 
and macrophages confirm the therapeutic potential of TNF-a blockade in SpA. The adhesion 
molecule expression, T cell infiltration and, most importantly, B cell infiltration contrast with 
previous observations in RA and suggest different immunomodulatory mechanisms of anti-TNF-cr in 
SpA. 
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VALINE/LEUCINE 2 * 7 POLYMORPHISM OF 32-CLYCOPROTHN I AFFECTS THE REACTIVITY OF ANTIS2 
GLYCOPROTEIN 1 ANTIBODIES. Shinsukc Yasuda. Tatsuya Atsumi, Kenji IcW^^iSisumf^ 
Kaihara, Tatsuji Yasuda, Yoshiharu Amasaki, Takao Koike Sapporo and Okavam7>pa7 Kttko 

BACKGROUND; Valine/leucine polymorphism at position 247 of 82-glycoprotein I (B2GPD is reported to 
be associated with the presence of anti-02GPI antibodies and to be a possible risk factor for antiphospnolipid 
syndrome (APS). To clarify the consequence of this genetic variation in patients with APS correlation 
between genotypes of APS/SLE patients and posiUvity of f32GPI-dependent anticardiolipin antibody (aCU 
was investigated. In addition, rcacUvity of anti-02GPI antibodies was characterized using recombinant 
valine" ' and leucine* 17 B2GPI proteins. 

METHODS; Eighty-six Japanese APS/SLE patients and 6l matched controls were analyzed for the 
valine/leucine polymorphism of 02GPI. The genotype was determined by PCR and restriction fragment 
length polymorphism analysis using Rsa 1. B2GPI-dependent aCL was detected by EUSA. 

To compare the reactivity of anti.02^Pl antibodies to valine W7 B2GP1 and that to leucine 247 02GPI 
recombinant valine 02GPI and leucine 2 " J32GPI were expressed by a baculovirus system. Those variants' 
were prepared on the irradiated plates (anti-02GPI) or cardiolipin-coated plates (aCL) and the reactivity of 
a series of anti-02GPI [immunized anti-human 02GPI monoclonals (Cofl9-22), autoimmune anti-02GPI 
monoclonals CEY1C8, EY2C9 and TM1G2) and JgCs purified from sera of patients with APS] was 
investigated. 

RESULTS; The frequency of valine 247 allele in the APS/SLE patients positive for 02GP1 dependent aCL was 
slightly higher than that of APS/SLE patients without B2GPI dependent aCL (31.8% vs.22.7%) or that of 
healthy controls (19.0%). 

No difference was found in the reactivity of the immunized anti-B2GPI (Con 9-22) between the two 
variants. In contrast, reactivity of the autoimmune monoclonals (EY1C8, EY2C9 and TM1G2) to valine 247 
02GPI was higher than that to leucine 247 02GPI. APS patients' IgGs also showed significantly higher binding 
to the former compared with the latter (p=.O01), regardless of the patients' genotypes. 

DISCUSSION; Autoimmune anti-02GPI antibodies had stronger reactivity to valine 247 02GPI than to 
leucine B2GPI. The cryptic B cell epitopes of APS-associated aCLs (=anti-82GPI) may be present on 
domain IV. Since the position 247 is located at the beginning of domain V, substitution of amino acid at this 
position may alter the interaction between domain IV and V, affecting the reactivity of autoantibodies against 
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ETANERCEPT THERAPY FOR IMMUNE-MEDIATED COCH LEO VESTIBULAR DISORDERS: PRELIMINARY 
RESULTS IN A PILOT STUDY. Mahboob U Rahman, Dennis S Poe, Hyon K Choi Boston, MA 

Objective: Auto-immunity has been implicated as a cause of rapidly progressing sensorineural hearing loss 
and Meniere's Disease, and thus have been referred to as immune-mediated cochleovestibular disorders 
(IMCVD). IMCVD remains a management challenge for otologists. Anti-rheumatic agents have been used 
with variable efficacy and sometimes with serious side effects. In this report, we describe the preliminary 
result of our experience in patients with rapidly progressing sensorineural hearing loss and Meniere's 
Disease, who have been treated with etanercept. Methods: Twelve patients with rapidly progressing 
sensorineural hearing loss were treated with etanercept 25mg subcutaneous injection twice a week. Eight 
out of 12 patients met the American Academy of Otology-Head and Neck Surgery criteria for diagnosis of 
Meniere's Disease. All the patients responded to glucocorticoids but did not respond adequately to or 
developed side effects to conventional anti-rheumatic and immunosuppressive therapies. The main outcome 
measurement was assessment of hearing change, by air conduction pure tone audiograms and/or word 
discrimination. When present, vertigo, tinnitus, and aural fullness were assessed as well. Results: More than 
7 month follow-up was available for all patients (range: 7-16 months). Ten out of 12 (83%) patients had 
improvement or stabilization of hearing and tinnitus, 7 out of 8 (88%) patients who had vertigo and 8 out 
of 9 (89%) patients who had aural fullness had resolution or significant improvement of their symptoms. The 
benefit persisted until the last visit (7 to 16 months after starting etanercept). One patient had initial dramatic 
improvement but deteriorated after 5 months. The patient's hearing was rescued and stabilized by adding 
leflunomide to the therapeutic regimen. Similarly, 3 other patients required a second anti-rheumatic agent 
to maintain stability of their hearing. Two patients had worsening of their overall hearing. One of them 
developed bilateral iritis raising a diagnostic possibility of Cogan's syndrome. Another patient who had 
improvement of her symptoms, also had symmetric polyarthralgia with low-titer ANA. There were no 
significant side-effects from the etanercept therapy. Conclusions: Our limited data suggest that etanercept 
therapy is safe and may be efficacious in carefully selected patients with rapidly progressing sensorineural 
hearing loss and Meniere's Disease at least in a short-term basis. These preliminary efficacy and safety results 
appear encouraging enough to warrant further follow-up and studies for better determination of the 
potential clinical utility of etanercept for IMCVDs. 
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ETANERCEPT IN WEGENER'S GRANULOMATOSIS: A SIX- MO NTH OPEN-LABEL TRIAL TO EVALUATE 
SAFETY. J Stone, M Uhlfelder, D Hellmann, S Crook, N Bedocs. G Hoffman Baltimore, MD and Cleveland OH 

OBJECTIVE: To evaluate the safety of etanercept (ET; Enbrcl®) in the treatment of Wegener's 
granulomatosis (WG). 

METHODS: This unrandomized trial was designed to evaluate the safety of ET (25 mg sq b.i.w.) in 
combination with standard therapies for WG. All patients mei modified ACR Criteria for WG and had active 
disease, defined by the Birmingham Vasculitis Activity Score for WG (BVAS/WG). within 1 month of entry. 
ET was added to the standard therapeutic regimens prescribed according to disease severity, and continued 
for at least 6 months. Although this trial was not intended to assess the clinical efficacy of ET in WG, we 
evaluated selected measures of clinical response. 

RESULTS: Twenty patients (mean age 46.7 years; range 25-73 years) were enrolled, 1 1 females and 9 
males. At entry, all 20 patients had flares of previously-known disease (mean disease duration 63.6 months; 
range 14- 1 89 months); 14 (70%) had never achieved complete disease remissions. Sixteen patients (80%) had 
"limited" disease at entry, and 4 patients (20%) had "severe- disease, denned as constituting an immediate 
threat to either critical organs or the patient's life. Eighteen of the patients (90%) were receiving 
glucocorticoids and 18 (90%) another immunosuppressive agent (6 cyclophosphamide). Fourteen of 20 
patients (70%) had ET added as the only new therapeutic variable. The most common side-effect of ET was 
injection site reactions in 8 patients (40%; all mild). Two patients had a combined total of 5 hospitalizations 
(1 patient had 4), but none were attributable to adverse effects of ET. One patient with severe subglottic 
stenosis developed pneumococcal tracheobronchitis, and another developed H. zoster Oocalized). One 
patient is being evaluated for semi-invasive aspergillosis. There were no deaths. The mean BVAS/WG at entry 
was 3.6 (range: 1-8). Nineteen patients remained on treatment at 6 months, the one exception being a 
patient who developed retro-orbital disease at 4 months. At 6 months, the mean BVAS/WG score had 
improved to 0.6 (P < 0.001 ; 95% CI. 2.M.0), and the mean daily prednisone dose was reduced from 19 mg 
to 7.4 mg (P = 0.023; C.I. 1.8-21.3). However, persistently active disease (observed in 15 patients, 75%) was 
common. One patient developed renal involvement and mesenteric vasculitis while taking ET. 

CONCLUSIONS: In this open-label trial, ET used in combination with standard treatments was 
well-tolerated in patients with WG. Adverse events were few. BVAS/WG scores improved significandy at 6 
months, but persistentiy active WG was common. We have begun a randomized trial to investigate the 
efficacy of ET in WG. 

Disclosure: Dr. Stone has served as a consultant to Immune* Corporation. 



EPITOPE STUDIES WITH POINT MUTATIONS " AND DOMAIN DELETIONS OF pV 
GLYCOPROTEIN-I. Stephen W Reddel, Ying Xia Wang, Yong Hua Sheng, Steven A Krilis Sydney 
NSW, Australia . 7 * 

Point mutations of ^-glycoprotein I (B2GPI) provide a method for more precise determination 
of the epitope(s) of autoantibodies from patients with APS. Previous studies using B2GPI domain 
deleted mutants have suggested that epitopes may be found on domains I or IV. 

Three recombinant B2GPI proteins with non-conservative single amino-acid mutations in domain 
I (G40E, R43G, T50A) plus wild type B2GPI and B2GPI mutants with either domain 1 or 5 deleted 
were used. All proteins were expressed with a his 6 -tag. The sera from 8 normal controls; and 18 
patients with anti-B2GPI antibodies demonstrated by commercially available EUSA, were screened 
by EUSA using the wild type, point mutated and domain mutated B2GPI proteins. 

2/18 patients showed at least 40% decrease, and 7/18 patients showed at least 20% decrease, in 
binding to one or more point mutated B2GPI proteins. Rabbit polyclonal anti-B2GPl antibodies and 
mouse monoclonal anti-domain 5 had no difference in binding, suggesting equivalent antigen 
coating. Individual serum samples with decrease in binding to the mutations at positions 40 & 43 
did not tend to show decreased binding to the muatution at position 50, and vice versa, suggesting 
that these are non-overlapping epitopes. Only 2/18 patients showed any binding above control to 
the domain 2-5 mutant, whereas 15/18 patients showed at least 60% binding to the domain 1-4 
mutant compared to the wild-type. Mouse monoclonal anti-domain 4 binding was equivalent to 
both domain mutants. 

Previous studies of epitopes for anti-B2GPI antibodies have used domain deleted mutants. The 
failure to bind when a domain is deleted may be due to the epitope being located within that 
domain, but it could also be explained by the disruption of normal protein folding elsewhere. We 
used the minimum possible alteration to a protein: a single point mutation in a single surface 
exposed amino acid; unlikely to change folding in the other domains. 50% (9/18) of the patient 
scrum samples had diminished binding to one or more mutants. Our study confirms that domain I 
of B2GPI contains important epitopes for the binding of clinical anti-B2GPI antibodies. 

Disclosure: 
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THROMBUS ENHANCEMENT AND ENDOTHELIAL CELL ACTIVATION IN VIVO BY CMV PEPTIDE- 
INDUCED ANTIPHOSPHOUPID ANTIBODIES. Azzudin E Gharavi, Silvia S Pierangeli, Ricardo G Espinola, 
Xiaowei Liu, Eon N Harris Atlanta, GA 

Introduction: We induced antiphospnolipid (aPL) antibodies in normal mice by immunization with Tffl 
a 19 amino acid PL- binding peptide from human cytomegalovirus (CMV) with sequence similarity to the fifth 
domain of ^glycoprotein I (B 2 GPI). Monoclonal aPL antibodies were developed from their spleen cells bind 
cardiolipin in the presence of 0 2 GPI, have lupus anticoagulant activity and upregulated expression of 
ICAM-1, VCAM-1 and E-selectin in vitro. Objectives: to evaluate the in vivo effects on thrombus formation 
and endothelial cell (EC) activation by CMV peptide-induced aPL antibodies. Methods: Two groups of CD-I 
male outbred normal mice were injected each with one of the two monoclonal IgM aPL (D3/AC10 or 
F3/AA4), the third group were injected with control irrelevant murine monoclonal IgM. Mice received 10 
ug IgM at 0 hour 48 hours later, and had surgery after 72 hours of the first injection. Mice were anesthetized, 
the right femoral vein was exposed The vein was pinched with a standard pressure to introduce an injury 
and to induce a clot.Clot formation and dissolution in the transmuminated vein were visualized with a 
microscope equipped with a closed-circuit video system. Activation of endothelial cells was assessed by 
direct visualization of adhesion of white cells in the microcirculation of the exposed cremaster muscle of 
mice. The number of leukocytes sticking within five different venules (diameter 25-35 mm). This was 
defined as those leukocytes that remained stationary for a period of at least 30 seconds. 

Results: Mice injected with monoclonal aPL had sigriificandy larger clots that lasted longer. The size of the 
clots were 2608 ± 1142 and 1820 ± 911 pun 2 

for D3/AC10 and F3/AA4, respectively when compared to control group (467.7 ± 183 jan 2 ) The adhesion 
of leukocytes to endothelium was also significandy enhanced in mice treated with D3/AC10 or F3/AA4 
monoclonal antibodies (14.7 ± 3 0 and 9 5 ± 2.3) compared to control treated mice (4.9 ±2.1). Conclusion: 
These findings showed that pathogenic aPL antibodies can be generated by immunization with a viral 
peptide that has sequence similarity with the phospholipid binding site of 0 2 GP1 (GDKV). This suggest a 
possible mechanism of induction of autoimmune pathogenic aPL antibodies after incidental exposure to 
viruses and has important implications in better understanding the origins of APS. 

Disclosure: 
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Disclosure: Dr. Stone has served as a consultant to Immunex Corporation. 
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SYSTEMATIC AND COHESIVE CLASSIFYING AND RANKING OF DISEASE ASSOCIATED GENE 
^S^.rR^JMATOID ARTHRITIS (RA). Matthias Schneider, ~ » Ben 
Sstrndorf^omas Pauly, Ursula jeffry, Johannes Friemann, Ghassan Ghandour, Richard Murray 
Duesseldorf, Germany; South San Francisco, CA and Berlin, Germany 

The introduction of TNFa blockade in clinical practice completed the initial step in of a 
pathophysiology based approach in RA therapy. Extended basis for pathology related diagnos- 
Tcs a^d Sa mem saategies is offered by analysing oligonucleotides, but the produc ive use of 
hig^ P Slel gene expression technologies necessitates the ability to manage and evalua e such 
IL an appropriate biological context of the acquired samples We describe * ^madc 
SpnSch to evaluate human synovial pathologies (12 RA a/12 early untreated) and 8 non-RA 
Smp^es) by a comprehensive screen of biopsies versus normal human Ussues ^ tissues 
and cells were expression profiled using a novel single Asymetrix DNA array displaying 36 000 
Tic gen £nd dusters. Samples were taken by arthrotomyAarthroscopy mdicated by vanous 
SoTcat ™ or by mini-arthroscopy of MCPs. Greater than 2 million independent gene measure- 
ments were processed and analyzed on a unique bioinformatics system that allows confidence 
UrnitTto be imposed on an algorithm calculation determining the presence or absence of each gene 
X in«££ted All chip data were normalized in the context of the pathological samples as 
wefasdau f^rn a normal human "Body Atlas", a reference database of 15 normal human ussucs 
and 3 cell lines where mRNA from each normal sample was independently 

36 000 genes and ESTs. Flexible queries were designed such that recognizable gene expression, 
Lc^ That oTuMPs and chemokines, was detected. These data, fulfilling the , rules of a query; 
provided an intrinsic ranking system to evaluate other known genes or ESTs ^"^^ 
of the queries. Examples of new associations, such as the transcription factor Kneslei and a senes 
of ESTs are presented. This process flow of information represents a systematic and cohesiv : means 
of classifying and ranking disease associated gene expression that provides an annotated disease, 
nor^l. and «U type specific context, capable of keeping pace with genome-wide sequence 
identification efforts. 
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THF HUMAN INTERLEUKJN-1 0 (IL-10) LOCUS: MAPPING OF NOVEL STRUCTURAL HOMOLOGIES OF 
™^M3TSSTa I OT FOUR IL-10 FAMILY MEMBERS WITHIN APPROXIMATELY 140KB ON 
CHROMOSOME 1Q31-32. j Eskdale, D Kube, j Peat. G Gallagher United Kingdom and Germany 

Human IL10 is a cytokine with a broad range of functions, in health and disease. In the autoimmune 
cU "a^%«emic lupm erythematosus (SLE) and rheumatoid arthritis (RA), IL10 contributes to disease 
f^tSZ £d severirfat both functional and genetic levels. We have previously °« cn ™<** e 
sequence of 4000bp 5' of the human IL10 ATG and denned several polymorphic dements 0>oth 
«2l SNPs) and used these" to understand the !ocus, its functional capacity and its disease 
associations We have now prepared a preliminary map of the region surrounding IL10. 
Te Hy' tfentined and cloned a novel homologue of IL10 (termed IL19) and obtained sg^c 
<rauence as well as its 5' and 3' UTR regions. We obtained simUar data for a second human R-10 homologue, 
MDA7 ^ Inld^tion we extended our known sequence for IL10 to 9kb 5' of the initial ATG. Next, we 
T£n^ 0^2 S ^Tnymous cDNA as a third novel IL10 family member and demonstrated its presence 
in Si fre^on In piild. we used the PAC clone Ubrary from the MROHGMP resource centre to .denufy 
Keno^ones which contained these IL-10 family genes and showed that at least IL10 IL19 ^MD A 7 
Sed wiZ a distance of HOkb. Finally, we aligned our new sequence data and the known cDNA and 
gSon* with ^unfinished, un-annotated unordered genomic sequence from the human ch^mosome 
one se^uencig project, in order to order the genes and obtain a preliminary map of this area, which we term 

"*The" 

Tl^ Tilled MDA7 are ail found on a single PAC clone, but 1L10 and MDA7 have also been found on 
a PAC wimom IL19 while IL10 and IL19 have also been found without MDA7, suggesting an ordering of 
ILWL^MDA?. The new homologue cDNA overlaps the 9kb 5' of 1L10 and so hes between IL1 9 and IL10 
Therefore although we do not yet have complete sequence of the entire l40kb, we have sufficient 
information to order the genes thus: 

We'naVc of all four IL10 family members in human PBMCs and shown that LPS 
anl^ st^eThe production of mRNA form all four genes, although the timing of induct.™ vanes w. h 
MDAT^ein" later and P IL19 being earlier than IL10. Thus, we have shown that a new cluster of 1L10 
homologues, all capable of induction in PBMCs, lies within HOkb at lq31-32. 
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A DOSE ESCALATION STUDY DESIGNED TODEMONSTRATE THE SAFETY, TOLERABILTTY AND EFFICACY 
OF THE FULLY HUMAN ANT1-TNF ANTIBODY, D2E7, GIVEN IN COMBINATION WITH METHOTREXATE 
(MTX) IN PATIENTS WITH ACTIVE RA. Michael Weisman. Edward Keystone. Harold Paulus, Michael 
Weinblatt Daniel Furst, Larry Moreland, Raja Velagapudi. Steven Ftschkoff. Elliot Chartash San Diego, CA; 
Toronto, ON, Canada; Los Angeles, CA; Boston, MA; Seattle, WA; Birmingham, AL and Mt. Olive. NJ 

Rationale: The fully human anti-TNF antibody D2E7 has been given successfully as sole therapy in 
patients with active RA. This study was designed to analyze the safety, tolerability and efficacy of IV 
administered fully human anti-TNF antibody. D2E7. given with MTX inpatients with active RA. 

Methods: 60 patients, partial responded to MTX therapy, were randomized uuo 5 escalating treannen 
groups. After onemomh. 59 patients were given unblinded study drug, once every other week. Treatment 
croup change or dropom status was determined by clinical response. 

Result 59 patients were given doses of 0.25-5.0mg/kg. Baseline demographics were(mean) *J 
52 9yrs t RA duration 15-Tyrs. ESR 38.8mm/hr, CRP 2. 3 mg/dl, * previous DMARDs 3-2/pt. D2E7was weU 
tolemed, three patients dropped out because of AEs. The terminal half-life ranges from 35*464 h, and 
serum clearance ranged from 0.00*0.012 L/h; both were dose independent. The average clearance of MTX 
^y incased Jen co-administered with D2E7. Clinical response after 24 weeks is summarized below. 



RANDOMIZED CONTROLLED TRIAL OF 25 MG VS. 50 MG ENBREL® (ETANERCEPT) TWICE WEEKLY IN 
SaToId A^THWTISCRA) . Michael Schiff, Philip Mease, Michael Weinblatt, Larry Moreland, Darnel 
Burge Denver, CO; Seattle, WA; Boston, MA and Birmingham, AL 

Background: Enbrel provides substantial clinical ben- 
efit without significant toxicity to RA patients. Previous 
trials have demonstrated that 25 mg Enbrel twice weekly 
is significantly more effective than 10 mg twice weekly. g 
This trial explored whether a higher dose of Enbrel is g 
safe and provides additional efficacy for RA patients. 

Methods: 77 patients were randomized in a 1:2 ratio ^ 
at 4 centers to receive 25 mg or 50 mg Enbrel SC twice fl 
weekly for 6 months. Efficacy and safety assessments c 
were obtained at baseline, 1, 2, 3, and 6 months. » 

Results: 23 of 26 (88%) patients on 25 mg Enbrel * 
completed the trial compared to 43 of 5 1 (84%) in the 50 = 
mg group. In the 25 mg group, no patients discontinued | 
due to adverse events compared with 4 in the 50 mg s 
group. Two of 26 patients (8%) in the 25 mg group and 
3 of 51 (6%) in the 50 mg group discontinued due to lack 
of efficacy. Adverse events were similar in the 2 groups. 
No patient had a serious infection. Response rates at 6 

months were similar in the 2 groups, although the response was more rapid in the higher dose group (see 
figure) At 6 months, the ACR2VaCR50, and ACR70 were 65%, 38%. and 15% in the 25 mg group compared 
to 63%, 37%. and 16% in the 50 mg group. 

Conclusions: Enbrel was safe and weU tolerated when administered to RA patients at doses of 25 mg or 
50 mg twice weekly. Although patients in the 50 mg group achieved more rapid results, the two doses were 
equally effective at 6 months. 
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Disclosure: This study was supported by a grant from tannines Corporation. 
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Conclusion: The results of this study suggest that the fully human anti-TNF antibody, D2E7 « weU 
tolerated safe and efficacious when given in combination with MTX in patients with longstanding RA. The 
response* is sustained through at least 24 weeks and the clearance of MTX is only slightly increased. 

Disclosure: All work was supported by KnoU Pharmaceutical Company, ML Olive, NJ 
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ETANERCEPT IN STILL'S DISEASE IN THE ADULT. Michael E Weinblatt, Agnes L Maier, Steven S Overman, 
Philip J Mease, Patricia A Freer, Ellen M GravaUese Boston, MA and Seattle, WA 

Rationale: Systemic onset juvenile rheumatoid arthritis (Still's Disease), an illness marked by recurrent 
high fever, skin rash, fatigue and polyarthritis, may be progressive and refractory to convenU t on ^ h r C "Py; 
A randomized withdrawaf trial of etanercept, the P 75 TNF receptor fusionj protei n demonstrated efficacy m 
particular JRA (NEJM 342:763,2000) but it has not been studied in adult Still's dise^^ H.gh ^elsof 
expression of both TNF and lymphotoxin a (LTa) have been noted in synovium of systemic onset JRA 
Patients (A&R 39:1703,1996). Etanercept inhibits the activity of TNF and LTct making it an attractive 

* S^pL^S!^ as a six month open trial of etanercept in 12 adult patients 
whome^ecriten forsystenuc onsct juvenile rheumatoid arthritis and had active arthritis. This study was 
Tested prln^ily to evaluate the effects of etanercept on the arthritis of Still's ^ ™« 

initially dosed with etanercept 25 mg twice a week, but the dose could be increased to 25 mg three times 
a week if no improvement in the arthritis was noted by week 8. . . - . n 7 

Results: The 12 patient's mean age was 36 yrs.(range 19*2 yrsX10F:2M)with a disease *J«^ ^ 
yrs (1-17 yrs) and had received a mean of 3-6 (l-7)prior DMARDs. Five had received pnor methotrexate and 
rremaWd on methotrexate (15-25 mg/week) during the study. Ten were on prednisone at a mean dose of 
10 rnXy (5 -20 mg /day). At baseline they had a mean of 24± 1 1 painful joints, 19± 10 swoUen joints and 
a mean ESR of 52± 3 8 mm/hr. Ten patients successfully completed the study and 2 withdrew due to disease 
SEE weei ^7 and at week 13- Four patients increased their etanercept from 25 biw to 25 uw wuhout any 
adverse events. Clinical response as defined by ACR 20% response cntena was 0bs«ved m 8 patterns Of 
SSI ^ponders, 5 met ACR 50% and two met ACR 70% responses. There was a 54% 
painful joints, a 63% improvement in swollen joints and a 27% improvement m sed rate. In the .patients 
who had systemic features of Still's (fever and rash) improvement in these features was seen in one patient 
Except fo7the 2 pts who withdrew due to flare (rash, fever and arthritis) no other significant adverse events 

^SoTclusions: In this initial study of Still's disease in the adult «an«cept J« weU tolerated I wfth 
improvement in the arthritis. This data suggests that additional trials should be performed to determine the 
effects of TNF inhibitors on Still's disease. 

Disclosure: M. Weinblatt, MD is a consultant to Immunex Corp.P-Mease, MD is a consultant and 
on the speakers bureau of Immunex Corp. This research was supported by a grant from 
Immunex Corp. 
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SUSTAINED IMPROVEMENT IN RHEUMATOID ARTHRITIS FOLLOWING B LYMPHOCYTE DEPLETION. 
Jonathan C Edwards, Geraldine Cambridge, Maria J Leandro 

Purpose: Work on B lymphocyte survival led to the hypothesis that rheumatoid arthritis (^) is p^gated 
by anions cycle in which autoreactive B lymphocytes (usually IgG rheumatoid factor ™ commit^ 
perpetuate tiSr existence by generating their own antigen (IgG RF) in self-complexmg f «™ ^ d b J ^ 
□Tee RF to obtain nonspecific T cell help. This hypothesis predicts ^^^f^.^f^ 
Section may induce long term remission as long as RF levels fall significantly before B 
Surprisingly, B lymphocyte depletion produces no clinically relevant immunosuppression and has proved 
safe in lymphoma. An open study of B lymphocyte depletion was undertaken in RA 

Methods? 5 patients with refractory erosive seropositive RA, mean duration 22 yrs, all functional grade m 
havm^ed « least 5 disease modifying drugs (DMARDs), stopped aU DMARDs ^^^^^ 
coursi of B lymphocyte depletion using monoclonal anuXD20 antibody <T^f^ iJ^i^T^U 
(10 days 60mg then 12 days 30mg p.o.) and cyclophosphamide (750mg IV x 2). Mean follow up is 17 

TeS'ts: All patients achieved ACR50, and three ACR70 (pts 1,2,3), at 6 njonths^ Patient 1,3,5 
maintained/extended improvement at 1 year (ACR70J0.70) and show no sign of rcUp^Patients 2 and 4 
relapsed at 7 and at 9 months, but have also now achieved ACR70 after repeat B lymphocyte d^ n ^ 
lower doses of anti-CD20. All DMARD were successfully withdrawn and none has ^ n " 
lymphocyte counts remained low for several months after depletion. As predicted ^P^" 0 ^^ 
ie return of B lymphocytes, and only in those cases where RF litres remained high. A ^ c ™™™™* 
limited to respiratory tract episodes in 2 patients with histories of similar episodes, and mild thrombocy- 

t0 C^lSo^: ThS Mngs' suggest that B lymphocyte depletion may be safe and cos«ffective thentpy 
for refractory RA. Statistical analysis indicates that a minimum of 48% (binomial, Documenta Geigy 55% Dy 
dJectbinom^) of further similaV patients treated in the same way can be expected, ^^^^ 
to achieve at least ACR50, and ACR70 if retreatment is mcluded. Retreatment does ^ 
problems. More recent treatments in 10 further patients have been followed by similar early .^P 0 "^ ^ 
ETcate that cyclophosphamide increases the speed of remission and the response rate bu is not essential 
for major improvement and conversion to seronegativity. A formal controlled trial will foUow. 

Disclosure: Setting up the work described was assisted by a grant in aid from HoffmanLa 
Roche equrvalentlo 30% of drug costs (£-7,000 sterling). A further contractual arrangement has 
been set up to advise Hoffman la Roche on further work in return for MoDiscl 
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2S OF ETANERCEPT IN STILL'S DISEASE IN THE ADULT. Michael E Weinblatt, Agnes L Maier, Steven S Overman, 

3 ON Philip J Mease, Patricia A Fraser, Ellen M Gravallese Boston, MA and Seattle, WA 

Rationale: Systemic onset juvenile rheumatoid arthritis (Still's Disease), an illness marked by recurrent 
mune high fever, skin rash, fatigue and polyarthritis, may be progressive and refractory to conventional therapy, 

isease A randomized withdrawal trial of etanercept, the p75 TNF receptor fusion protein, demonstrated efficacy in 

d the polyarticular JRA (NEJM 342:763,2000) but it has not been studied in adult Still's disease. High levels of 

(both expression of both TNF and lymphotoxin a (LTa) have been noted in synovium of systemic onset JRA 

isease patients (A&R 39:1703,1996). Etanercept inhibits the activity of TNF and LTa making it an attractive 

therapeutic agent to use in Still's Disease, 
lomic Methods: This initial pilot study was designed as a six month open trial of etanercept in 12 adult patients 

ogue, who met the criteria for systemic onset juvenile rheumatoid arthritis and had active arthritis. This study was 

t, we designed primarily to evaluate the effects of etanercept on the arthritis of Still's disease. Patients were 

sence initially dosed with etanercept 25 mg twice a week, but die dose could be increased to 25 mg three times 

entify a week if no improvement in the arthritis was noted by week 8. 

tlDA7 Results: The 12 patient's mean age was 36 yrs.(range 19-62 yrs)(10F:2M)with a disease duration of 10.7 

K and yrs (1-17 yrs) and had received a mean of 3.6 (l-7)prior DMAKDs. Five had received prior methotrexate and 

some 5 remained on methotrexate (15-25 mg/week) during the study. Ten were on prednisone at a mean dose of 

term 10 mg/day (5 -20 mg /day). At baseline they had a mean of 24± 1 1 painful joints, 19± 10 swollen joints and 

a mean ESR of 52 ±38 mm/hr. Ten patients successfully completed the study and 2 withdrew due to disease 
work flare at week 7 and at week 13. Four patients increased their etanercept from 25 biw to 25 tiw without any 

adverse events. Clinical response as defined by ACR 20% response criteria was pbserved in 8 patients. Of 
id on these 8 responders, 5 met ACR 50% and two met ACR 70% responses. There was a 54% improvement in 

ng of painful joints, a 63% improvement in swollen joints and a 27% improvement in sed rate. In the 3 patients 

IL10. who had systemic features of Still's (fever and rash) improvement in these features was seen in one patient, 

icient Except for the 2 pts who withdrew due to flare (rash, fever and arthritis) no other significant adverse events 

occurred. 

Conclusions: In this initial study of Still's disease in the adult etanercept was well tolerated with 
it LPS improvement in the arthritis. This data suggests that additional trials should be performed to determine the 

with effects of TNF inhibitors on Still's disease. 

IL10 

Disclosure: M. Weinblatt, MD is a consultant to Immunex Corp.P.Mease, MD is a consultant and 
on the speakers bureau of Immunex Corp. This research was supported by a grant from 
Immunex Corp. 
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,Y IN SUSTAINED IMPROVEMENT IN RHEUMATOID ARTHRITIS FOLLOWING B LYMPHOCYTE DEPLETION. 

»aniel Jonathan C Edwards, Geraldine Cambridge, Maria J Leandro 

Purpose: Work on B lymphocyte survival led to the hypothesis that rheumatoid arthritis (RA) is propagated 
by a vicious cycle in which autoreactive B lymphocytes (usually IgG rheumatoid factor (RF) committed) 
perpetuate their existence by generating their own antigen (IgG RF) in self-complexing form and by using 
surface RF to obtain non-specific T cell help. This hypothesis predicts that total/subtotal B lymphocyte 
depletion may induce long term remission as long as RF levels fall significantly before B lymphocytes return. 
Surprisingly, B lymphocyte depletion produces no clinically relevant immunosuppression and has proved 
safe in lymphoma. An open study of B lymphocyte depletion was undertaken in RA. 

Methods: 5 patients with refractory erosive seropositive RA, mean duration 22 yrs, all functional grade III, 

having failed at least 5 disease modifying drugs (DMARDs), stopped all DMARDs and underwent a 3 week 
course of B lymphocyte depletion using monoclonal anti-CD20 antibody (rituximab 2.1gm), prednisolone 

-| (10 days 60mg then 12 days 30mg p.o.) and cyclophosphamide (750mg IV x 2). Mean follow up is 17 

1 months. 

'J Results: All patients achieved ACR50, and three ACR70 (pts 1,2,3), at 6 months. Patients 1,3,5 

maintained/extended improvement at 1 year (ACR70,70,70) and show no sign of relapse. Patients 2 and 4 
relapsed at 7 and at 9 months, but have also now achieved ACR70 after repeat B lymphocyte depletion with 
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ETANERCBPT IS EFFECTIVE IN THE TREATMENT OP POLYMYOSITWDE&MATO MYOSITIS WHICH IS 
REFRACTORY TO CONVENTIONAL THERAPY INCUUDING STEROIDS AMD OTHER DISEASE MODIFY- 
ING AGENTS. Constantfeie K Saadeh Amanita, TX 

Polymyositis tod dennaiomyositfe or PM/DM ire considered sutofeimunc condition* which involve 
pmkxniiunay the muscles and other organ systems, PM/DM can lead to tigtuficam roortfdlry and 
roortafiir. Corticosicrolds arc considered the initial igem* Of Choice. Several padentj cither (ail to respond 
or become cither resistant or dependent on steroids. Other disease modifying agents (DMA) wot tried 
and have shown Mine effectrveness such a* cyclosporin A. tatrtvenooj gamma globulins or TV1G, 
methotrexate, or azathioprtne. PM/Dtf his been associated with Increased levels of soluble tumor 
necrosis fictor (TNF) receptor in the serum, to thh report, etanercept, a toluol* TNF receptor 
vis used in four pstieots when DMA and steroids la combination failed to control die disease. AH four 
female puienti responded very wefl to ctsncrcept. AD paUenti were weaned off steroids except in one 
patient who did not wish to be oo steroids. There were no side effects from eomercept even in one 
patient who had a positive ANA and positive Raynaud's phenomenon. The first patient was 29 year old 
who wxs dependent on prednisone and did not respond to axaUuoprlne. Etanercept was started In 
February of 1999 and the CPK Improved |^abiseHneofaU*ruaandioiiorm^ 
a 9 year old girt who wu In remission after a too* Utof» with die tfseaae at the age o/ 6; She was to 
complete rembston after using steroids, IV1G and cyclosporin A. The patiem had recurrent Grease at the 
tee of 9 and eunercept was given by itself. Her muscle strength Improved to normal and the CPK 
dropped from 1200 to a normal range. The third pattern was a 59 year old lady who refused to take 
steroids and had very Ugh CPK to the range of 50,000. She did not respond to methotr exate a nd 
cyctotporta A. She did respond very weuw 

In her rausctc strength. Later methotrexate was added and her CPK decreased further to 1 1B1. The last 
patient was 55 year old who had had severe derma tomyosiiis with Raynaud's phenomenon and 
responded partially to IVIG and cyclosporin A- However, the paticm could not tolerate cyclosporin and 
had recurrent upper extremity thrombophlebitis because of the portxeath used to s rimrnfrtrr IMG. The 
pattern ftaponded dramatically to eunercept and has been for the first time without steroids, TVTG and 
cyclosporin A. Although eunercept b expensive, tt ts significantly less expensive than IVIG and in 
patient; who are resistant to conventional therapy etanercept m PM/DM can be useful and effective 
alternative with excellent tolerance. 

Dixeaoturei wyeth Aycrst speaker and conofomt 
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CUTANEOUS MANIFESTATIONS AND BREAST CA1X3NOSB IN ADULT ONSET DERMATOMYOSJ- 
T1S (AODMX Eric R Tamcsis, Gerald F Fabsca, BermWtol^ww-Estel, MarfcTDiMarchangelo, Antonio 
J Rcgimto Camden, NJ 

Introduction; Calcinosis Is an uuVequem finding in adult onset ocrnutoxnyosins 

ObjccitvciTQ cVscribe the cutaneous iiivorrement, and extent of calcinosis in a cohort of 
patients with Adult Onset benmtomyositis CAODM). 

Patients and MetbodsiRcttosrjcctivc chart review of 17 cases of dcrrnatomyosltls actively 
followed by the rheumatology service in a university referral center. All patients met the criteria set 
by Bohan and Peter for the <n*gr**it *f rfWmitnrnynsiiii which Included: progressive proximal and 
symmetrical muscle weakness, increased caacamttioa. of CPK and aldolase, an abnormal 
electromyograra, an inflammatory muscle biopsy, and characteristic cutaneous disease, were 
Included In the ARTKROS 6.0 database system. 

ftesuhaiOut of 17 patients with dcrrnatoorrositis. 5 patients or 29 H exhibited extensive 
calcinosis in different distinct patterns. AH five patients were women, the patterns seen included 
^irfnrefrf cutis, subcuticular and deep muscular involvement. The calcifications involved the 
abdominal waH0), the extrcnnrJeaCS). the head and oeclcO). and eves the Invob^mcnt of the 
brcasta<SX Fourteen out of the seventeen patients had multiple skin manifestations with other 
cutaneous findings, AH required multipk medication combinations including prednisone, axathkv 
prine, methotrexate, hydroxyciuorocrume, cycJospOrtne and IVIG in an attempt to control the 
^o^c^ wjtfi in ip fn w nK n f *r*r* tn l*. ratfcnts. Calcium channel blockers were also used in attempt 
to treat the extensive calcification involvement but were unsuccessful. Some patients with the most 
extensive cutaneous tavoJvement continued to manifest disease activity despite above medications. 

CooclnsJomExtensive calcification is more common in AODM and is resistant to available 
therapy than previously thought- Control of disease activity required more medication combina- 
tions when there were more cutaneous manifesurions present. Breast calcifications only once 
previously reported was seen In 5 of our patients. These calcifications can show bizarre sbectUsx 
branching or rtnglike rnacrocakification*. These calcifications would present a problem in attempts 
at mammograptuc screening for breast cancer 

Disclosure} Speaker Bureau of PANLAJt, Pfixcr, Merck 
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ANTVTNF-BXjOCKADE WiTH INFLIXIMAB (RJMCADEfc) IN POLYMYOSITIS AND DERMATOMY- 
Osms. Gerald Hcngstman, Frank van den Hoogen, Bazsel van Engelen, Puar Barrera, Mtful Netea, 
Leo van de Putte Niimegcn, The Netherlands 

Introduction: Several studies have indicated a prominent role of TNF in the p athogen esis and 
sustalnmcnt of the inflammatory process in Inflammatory myopathies such as polymyositis (PM) 
and dermatctnyosltis (DM). Therefore, blocking of TNF could have therapeutic value for these 
diseases. Herein, we report the preliminary results of two patients with an inflammatory myopathy, 
treated with a chimeric anti-TNF monoclonal antibody (Re«ucade®).Piiients and Methods: Patient 
A is a 51 year old female with a 3 months history of proximal muscle weakness and periorbital 
erythematous skin lesions. Patient B is a 39 year old female with a 2 months history of proximal 
muscle weakness. Further examination revealed elevated OC, and characteristic findings on EMG 
and in muSCk biopsy in both patients. Patient A was diagnosed as definite DM, patient B as definite 
PM, according to the diagnostic criteria of Peter and Bohan. Patients were treated with Remicadew, 
at a dose of 10 rog/kg body weight, every two weeks. Muscle strength (using fixed aryomctry to 
measure maximum voluntary isometric contraction) and EMG were performed before every dose 
anti-TNF. Muscle biopsy was repeated after the second dose. 

Results. Muscle strength improved already after the first infection and reached normal values 
when measured after the third bisection in both patients. In the same time-spaa serum CK 
concentrations decreased from 7533 «° 3204 IE/ml to patient A and from 3905 to 1755 IE/ml in 
patient B Changes on EMG paralleled conical iin p fove mc nt and showed less spontaneous activity 
and larger compound motor action potentials of longer duration. Htstotoipca] examin a tio n of the 
muscle biopsy taken after the second dose anti-TNF showed a dtoppearance of necrotic muscle 
fibers and a decrease of the ryniphocytic infiltrates. The skin lesions of patient A vanished after the 
first administration of anti-TNF. No side effects were observed. 

Conclusion: The Irnprovenicnt in disease activity parameters and the lack of side effects observed 
In these two patients suggests that TNF rjeutraiization ought be an effective and safe treatment for 
Inflammatory myopathies. Our results underscore the role of TNF in the pathogenesis of these 
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HIGH RESOLUTION LUNG CT IS USEFUL TO PREDICT THE OUTCOME OP INTERSTITIAL 
PNEUMONIA IN PATIENTS UTTH ANTI JO-1 NEGATIVE POLYMYOSITIS (PM) / D ERMATO MYO- 
SITIS (DM). Masaomi Yamasaki, Hidehiro Yamada, Yoshiold Yamasald, Hiroshi Nilmi, YasuyuH 
Kurihara, Nobuaki Hama, Yotchi Ichikawx Kawasaki, Kanagawa, Japan 

Objective. We have found that ami-Jo 1 negative IP patients with PM/DM have a significantly 
higher mortality rate than antijo-l positive patients and that their clinical course is varied. The 
present study aimed to investigate whether HRCT can predict the outcome of IP complicated In 
antijo-l negative PM/DM. 

Methods. Twenty-three patients with anti-Jo- 1 negative PM/DM who admitted because of 
progressive IP since 1994 were rcn-ospcctrvely analyzed. HRCT and pulmonary function test were 
performed before treatment. Clinical and laboratory parameters at the initial presentation were also 
collected for analysis. Clinical status and cause of death were determined at the end of the 
ooscrvauon period. HRCTi were reviewed blindly by two radiologists (H.N, Y.K). 

Results. The 23 patients (3 male, 20 female; aged 43-80) were treated with cither high-dose 
steroid of concomitant ututnirjosuppressrve drugs (8 cycJosporme, 6 cydophosphamide). Ten out 
of 23 patients died of progressive IP, The other patients were alive with a mean follow-up of 38.1 
months (5-104). Significantly high mortality rate was found in patients whose dominant HRCT was 
air-space coruoUdation plus ground-glass opacity at the initial presentation compared to those with 
other HRCT findings (70% vs. 23*. p<0.05). No other clinical and laboratory parameters 
discriminated a significant difference between patients with fatal IP and those who survived. 
Logistic regression analysis indicated that air-space consobdation phis ground-glass opacity on 
HRCT was a sole independent comributory factor for the fatal IP (risk ratio 19 2 (95X CI; 1 .02-342)). 
This was consistent even after adjusting for treatment. 

Conclusion. This study suggests that HRCT nndings at the initial presentation predict the 
outcome of D? in patients with ano-Jo-1 negative PM/DM. 

Dfeclosure Ftxndkd by Dr -Kurdomi Yamasaki 



Disclosure: "«^^ ™« Wt«wfly yrtivMrA hp SfhrHnff-Ploaffh 8A/NV Benehxx. 
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POLYMYOSITIS AND TOXOPLASMOSIS: AN OBSERVATION IN PATIENTS WITH CRUSH SYN- 
DROME. Ayhan Dine, Salih Fay, Ismail Simsek. Hakan Erdcm, Mehmet Tanyuksd. Kayscr Caglar, 
Mchmct Refik Mas Ankara, Turkey 

v&Kkgronnd: Several studies including a number of case reports have suggrsred that Infection 
with the Toxoplasma gondii is associated with por/myocftis (PM). We had evaluated a 52-yearokI 
male PM patient with an extensive muscle UTvorvemem leading to proteinuria. Serological 
investigation showed markedly derated IgG and IgM titers to TaxopLama gondii. Sabin- i>esdman 
dye test was also positive at a dilution of 1:1024. However, studies of the muscle biopsy specimens 
and inoculation of Swiss-albino white trace peritoneum with his bone (narrow aspirate failed to 
demons tr ate the presence of Toxoplasma trophozoids. He was treated with steroids and metho- 
trexate and followed up for more than two years without any symptom. One possible explanation 
of this case is of an ananinestic response to antigenic components of Toxoplasma previously 
sequestered in the muscles, released as result of extensive muscJe damage seen in the course of PM. 
To test tins hypothesis we examined serologic responses of 14 earthquake victims with severe 
crush injury, a cause of non4mlanxrnatory muscle necrosis. 

Patients stud Mrtbods: 14 patients with severe and extensive crush Injury, aD of whom had 
marked elevations in myogenic enzymes and nryoglobinuria, and hospitalised for renal insuffi- 
ciency, were tested for IgM and IgG anti-Toxopbuma antibodies using ELBA at the first and fourth 
weeks following the injury. 15 healthy volunteers served as controls. 

Results: Of the 14 patients with crush injury, and of the 15 bcaUhy subjects, all had negative IgM 
findings both at the baseline and during the follow-up Of the 9 crush patients with positive IgG 
titers at baseline (possibly i~r^rift g previous infection), 8 showed a marked increase (At least 
fourfold) in IgG titers at the 4* week, Six of the healthy subjects had positive IgG values at baseline 
but none had showed any increase in IgG titers at the test of 4 week later. AD patients who were 
Initially negative for IgG icmxined negative during the foUow-up. 

DuKUSSioa: This observation further supports the suggestion that the antigenic stroctures of 
Tttxopiasma gondii Disseminated throughout the skeletal musdefl in the course of a previous acute 
Infection may release and lead to an ararrmcsoc response in those PM patients with an extensrvc 
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CHARACTERIZATION OF INTERSTITIAL PNEUMONIA IN ANTI JO*l ANTIBODY POSnTVE PA- 
TIENTS WITH POLYMYOSITIS / DERMATO MYOSITIS. Masaomi Yamasakj, Yoshiold Yamasaki, 
HJdehiro Yamada, Hiroshi Niimi, Yasuyuki Kurihara, Nobuaki Hama, Yoichi Ichikawa Kawasaki, 
Japan 

Objective. To investigate clinical characteristics of interstitial pneumonia (IP) in anti-Jo- 1 
antibody positive patients with polytnyosiiia/deiTnatDmyositis (PM/DM) . 

Methods. Thirty-three patients with PM/DM suffering from progressive IP were treated at our 
hospital and followed up at least one year since 1992. AO these patients were subjected to detail 
general and respiratory assessment and high resolution CT (HRCT). Serial HRCTs were evaluated 
independently by two radlologlstsCH.N,Y.K> In a bunded manner. The subjects consisted of ten 
(6PM/4DM) patients with anti-Jo-1 antibody and they were compared with 23 (IPM/22DM) anti-Jo 1 
negative patients. 

Results. Mean fbudw-up period was 26& months 0o-l (+) group; 39.3 months and Jo-1 (-); 21.2 
months). The mortality rate was significantly lower in Jo-1 (+) group than Jo-1 (•) (p<0.02). No 
significant differences were found in respiratory symptoms and signs at the initial presentation 
between the two groups. The dominant nndings of the initial lung HRCT were ground glass opacity 
and/or air-space consolidation in 90* of Jo-1 (+) patients, while HRCT findings of Jo- 1 (•) were 
quite hctcfogeneous. All the Jo-1 (+) patients initially showed an improvement of IP with steroid 
therapy alone, but a higher recurrence rate was evident injo-l (+) group (9 of 10) than negative 
group (2 of 23). The dominant HRCT findings at the recurrence were linear opacity and/or ground 
glass opacity. The recurrent IP was treated with steroid alone in four patients and cyclosporine in 
another five. Both of them did not show a significant improvement and slowly progressed. 

Conclusion. This study suggests that TP m Jo-1 (+) patients have a unique clinical course of D?. 
Relapse of slowty progressive IP is frequent and these cases may require tinmunosupprcssivc agents 
in the carry course of the disease. 

Disclosure: funded by Dr. KuruotnJ Yamanaki 
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v patient responded dramaS* ^^^^SZ^S^t? ? ™' ^ 

cyclosporin A. Although etanercept is expend * * c?I « tUne W,th ° ut steroids ' mG ^d 

patien^who are resist t^SLSJS^^^SS^^y'T' ^ ^° ^ ta 
alternative with exceUent tolerance. etanercept ui PM/DM can be useful and effective 

Disclosure: Wyeth Ayerst speaker and conultant 
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^SSS^ — - * BarreraSe^ 

~enfo f ^^ role of TNF in the pathogenesis and 

and *nnai«i*oJ^^ 25 Polymyositis (PM) 

diseases. Herein!, we report th™ SSlS^S^^^f?^ Va,ue ** 
Seated with a chimericanti-TW ™nocb^ JW' 
A is a 51 year old female with a 3 month* h«^™ «f • , ; nts 11141 Method * Patient 
erythematous skin Ss.^ien^ — {^orbital 

muscle weakness. Further examination reVealeTew/23 X „ I S hlSt0fy ° f P™*™* 
and in muscle biopsy in both ^^^^^^^T^f' 1 °" EMG 

PM, according to ^diagnostic criteria ^^^^^^S^S L M 
at a dose of 10 mg/kg body weight, every two weeks Muscle ^3ST>?? « ? Remicade ®> 
measure maximum voluntary isometric contra^oS anH stren S th _5using fixed myometry to 
anu-TNF. Muscle biopsy ^S^SS^ta* ™* PClf ° nned ^ dOSC 

Results: Muscle strength improved already after the first fnto*is»i *„w — u j 
when measured after the third injection both patterns T the ^m/f ^ 
concentrations decreased from 7533 to =4204 iFVmi E ™? ♦ ? ! f me ^e-span, serum CK 

fibers and a decrease of the ImphoSdcfafiS?^ ° f nCCr ° tiC musclc 

first administration otMnt^^^^^^J^ 0011 of patient A vanished after the 

Conclusion: The improvement in disease activity parameters and the lack of ^ ~u 
m these two patients suggests that TNF neutral i^SgSe « S^I^StSSS^ 
-^tory myopathies. Our results underscore the roTe of TNF in^ j££3?S^ 

Disclosure: Remicade was kindly provided by Schering-Plough SA/NV Benelux. 
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• ALLELE AND ANTIGEJiSPEOFIC TREATMENT OP RHEUMATOID ARTHRITIS: FINAL RESULTS FROM 

* ADOUBLE BUND PLACEBO CONTROLLED PHASE 1 TRIAL. Aim ) Khrttz, HzraJdB Fauto Nancy j 
Otan t MWiadHWeainian f E^ 

J 1 ™** D Anderson, Stanley B Cohen, Nathan Wei. Jan H Me^erink, Cindy A Jacobs, Sbncoetta Moed, Jan 
E Baughman, Arthur P Kavanxugb Ducansviflc, PA; Los Angeles, CA; Nashville, TN; Rochester MN: 
Seattle, WA; Stockholm, Sweden; Sanford, CA; Wlchtta, K5: Dallas, TZ Ficderick. MD; Oss, The 
Netherlands and La JoUa, CA 

Pwpoae: To evaluate the safety, phamamUnrtici and preliminary clinical acUvtty of AG4263 in RA 
patients (pta) wtth active disease despite ct w com h a n T methotrexate (MTXX AG4263 b a aohihle 
complex of native HLA<DR4 and a synthetic 13Hncr peptide (CDP263) derived own human cartilage 
glycoprotein 39 (HC gp>39). KC gp-39 is a putative anmuoodomiaani RA autnanngen 

Method*: 31 HU-DR4CB^1) positive RA pta «ho had failed* 1 DMATO a«J had acuvc disease 
despite stable concurrent MTX (5-20 mg/weck) were randomized to recctre 7 (V doses of AG4263 
(fl*24) or placebo <P; n=7) over 6 weeks. AG4263 was given in a dox escabtmg schedule <0 3 to 1 50 
Wkg>. Safety analyse* Included adverse events OEi), measures of CW+A2>8+ counts, T eel) 
reacdrtry (Tcr) to tetanus toxoid (TTyPFD. and tenim anUbody <ab> to HLA-DR4. Clinical activity was 
assessed using PauHia20 criteria and biological activity was assessed by Tcr to CDP263 using ELEPOT 
assay. Pharmacoktnetici (PK) was assessed at the 150 ug/kg dose. 

Rctuftr 31 P" were enrolled; 3 homozygous and 28 heterozygous lor 8»040l. 3/7 P and 14/18 
nested pts at 60 and 150 fig/kg had baseline Tcr to CDP263. The most common AE was injection site 
reaction One grade 3 toiletry <>leuTirb) occurred; ail others were Grade 1 and 2. There wasoo toss of 
Tcr toTT/PH>andno pt developed ab to DR4. CD4+/CD8+ counts remained stable. The man halHlfe 
was 12.5 hours. A total of 16/18 treated pts achieved pauius2D at any time point, vs. 4/7 P Retnonse 
was greatest among CDP263 pa and « the highest doxa, with 85.7% of the ISO M8. 28.6% cTtfec 60 
«^0%c/PpttacmeMngr%UhB20atDay28(p= .028). 

Concnwkins: AG4263 was well tolerated and there was no evidence of ggf^tard immune 
suppression. There was i greater trend toward loss o/Tcr to CDP263 among treated pa ai 60 and 150 
M«/kg vs. P pts and a possible correlation with shift to negative reactivity to CDP263 and aenk^ement 
of response. Further studies of xMrrton a l treatment paradigms arc warranted. 

Dtsckworei Research funded by NV C«?anon arid Cores* Corpomton. 



A^stinnoFCONsravcT validity op the European scleroderma study group 

(ESsSG) ACnvrTY CRITERIA FOR SYSTEMIC SCLEROSIS. CabricJe Vaienrini. Alessandra DeDa 
Rossa, Salvatnre D'Aogcto, Walter Bencrvclfl, Alan J Silraan, Carol M Black, Laszk> Oiitak. Henrik 
Nielsen, Frank HJ Van den Hoogen, PanayloUs J Vlachoyrannopoulos, Stefano Bon^SerTte 

OfcyccsJve To assess the construct validity of 3 recently developed sets of weighted activity 

criteria tor systemic sclerosis (Sic* the first set for SSc as whok (TSS > 20 - l; sdoedeoM «T 

A-skin » 2; digital necrosis =1; Inicxstitsal lung disease ■ 1; A-hcart-lung = 2; ESR > 30 =i" 

hTpCfgaxnmaglobuUneinia -1); the second set for diffuse SSc (dSSc) (A-skin « 3; interstitial I una 

disease - 2; pulmonary hypertension - 1; A-bcart-hmg -3; ESR > 30 = 1); and the third set tor 

limited SSc (BSc) (scleredema - 1; A-skin « 2; digital necrosis »l; A-vasc » 1; pulmonary 

trypertension - 2; A-hcart-lung »1; ESR > 30 -1; bvpocomplementcmia » 1) (maximal value for 

^Jt," f °?iyf koUnl * Arthli ^ Rneum 1998; 4l(S9), 1 105; Valentin! et aJ. Ann Rheum Ois 
1999; Suppl, 185). 

Methods Out of 318 clinical cham available for the study. 30 with different activity index values 
CfromOto 8) were sent to 5 ESsSG experts who were asked to rank the clinical charts from l to 
30 1 according w .their bond evahiaxlon of ufecaae activity. The correlations among the activity 
indexes calculated for the 30 patients and the ranks assigned by the 5expcrtj were investigated by 
Spearman's test. 

The calculated index for the whole aeries wis significantly correlated with the rank 
assigned by 4 out of the 5 experts (rho from 0.574 to 0.649; p < 0.01). The calculated index for 
d^ was ag^rOftcantly correlated with the rank assigned by 4 of the 5 experts (rho from 0.488 to 
0 848; p < 0.05 or p < 0^)1). The calculated index for ISSc was sigriincantJy correlated with 3 of 
the 5 assigned ranks (rho from 0.670 to 0.882; p < 0.05 or p < 0 01), 

^Conclusion The construct validity of 3 recendy developed sets of activity criteria for SSc as 
whole, for ISSc and tor dSSc is supported by the results of this blind evaluation of disease activity 
by 5 external experts using the data contained in the dinicaJ charts of 30 real patients. The criteria 
however, await validation baaed on a new series of patients. ' 

Dtedosarcs 
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DHCACV AND SAFETY OF FK50& IN RHEUMATOID ARTHRTTlSCkA)- A 16-WEEK, DOUBL&BUND, RANDOHZQ) 
JTUDY. B Koado, t irimaitrt, S Soaa%aia, H Hasttimoco, 8 Udilda, U Han, T Abe, Foe the Japai^e FKJ06IIA Sd^It 
Group *ifin^** if a *** a * ^" * 



>«^^ tbe ettocy tad safety of Fa^tacloGirms) in acthe KA p^inw 1 

P«tAI^ <bcrapy *nd to find rha apdmridexe 
.. ^l im ^ m 2 12 f aaim D*lAto*reita»Dt RA were cnmlled la this dottbfcblirtd. imanuotcr raodomizEd. 
pfaCwQ^cocttroOed wudy tnd .Qocwcd to 3 group* (l.SfflgAtar 0=68, injto, D =70 ( pbcebo n=74). TVy f 
a^^^W^jS^H" 00 ^ b ** R * P"** 0100 ^ **° **«A^) «»d«ir ooe kted of 



pfa ceb o group, but a 



bbs/tey) tod/or one Uqd of N&UDa 
: On tbe ACR20 fetponae citem. 

, ! *n acxjo icspoese rate was seta bet«%eo the 3mg gmup and the 

oetweco the l.Jma group and tfac pfrcebo group. Moat of measares of ACR20 c 
n the l.Smg and 3mg group* at cmnpfc to the ptacebo group 



ACR20ittpanjc«) 
A Tender Joint C 
ASwoBeoJointC 
Arauear 1 

ACRF<ins/dJ) 
A CSk0nni/b> 



14 6 
3* ± 6T 
3.6 ± 4.y 
9* ± 25 9" 
•15 J ± 21.5- 
■0 )6 ± 2J0* 
i 193- 



48J- 
•5.3 ± 6-6- 
41 ± 5.5- 
*20.4 ± 24.6- 
■296 ± 22f~ 
•1.77±2.40— 
•H.7 ± 19 JT* 



14.1 
■0 4 i 7-3 
•1.3 i 4.6 
3 .1 ± 26 0 
-3.7 ± 264 
0.36^3.37 
7.1 £ 24.0 



•P<a05, *"P<aoi, '"PcO.001 vs pbnefao. "global a 



wirt of d 



B-cSMty 



reapccnvehtDO rtgninom oUhrencc). The main advene drua reacUons were famnn to valua moksthe of M 
rUOOwo and gMrobttCstiaal sytnptOna, bia n»« of fbcae mild uid tofaabfc. 
Cwadnatoo^irfadin*^^ 

t mdy w»» mjjymmi by fwlaww FharaaaegiMSml Co_LTn^ rw^w, J«jMn 
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ACR Abstract Concurrent Session 
Treatment Issues in Scleroderma 
Wednesday, November 1, 2000, 4:00 - 5:30 PM 

« ^5S^^^!5S!S , ^SP IWESS1W TOERAI-V <HX>IT> WTTH AUTOIjCNSOUS ^TEM CE1X TKAMS^ 
PIA^ATION (SCT) FOR SYSTEMIC SCLEROSIS CSSc): RESULTS IN THE FIRST B PATIENTS DE 

r^Z 1 ??™??' R ^ L HolmbcT ^ F Vfeanego. L Nelson. M Wener. K McDonagh, L 
Cmflord, J Storck* G Agce, K Ryan, K Prather, M Mayes, R Danscy, K SuHivao 

Qbjffirive.; To investigate the safety and potential efficacy of W 
Huual 8 patients treaird within the National CcJbooratm: Study for SCT in Autoimmune Diseases 
Autologouj peripheral blood stem cells (PBSO were CI>34-positive adected after 
mohtotkm with C>CSP (I6ufi«g /day). HDIT consisted of 800 cGy total body madiatlofL 
cycJcfjhcaplumiklc 120 mgAg, horsederived ATG 90mg/kg, and it^nfuaion of PBSC 
, g^fflts: 8 (7 female, 1 male) poor prognosis patients affected by carry (S3 years) diffuse 
OnoRodnan skin score >16) SSc, with predefined internal organ uivotvement or rapidhMmreereffiivc 



aaca^ 6 patients were equable for napew 
/2 P° st ^ | WP | «rt, the mean akin score improved from 38-2^10(SD) to 21.2±6 

(P^OMZX mean mHAQ improved from 1 .85-0.9 to 0 J4±0 3 (p=0.0O5). whereas FVC and D1CO 
rcnaM stxbfc (mean % FVC 73-5 ±6 to 74 2±6, ns; mean H DLCO: 56.5* 11.5 to 50.1 i 13 5 nsY 

A<hTracEflfecta •• 2 parents died at o^ys 58 and 79 from interstitial pneumonitis possibly related 
to radiation toxjeiry and underlying luruj disease. Infections included H simplex flares (n=2) iTn 
(n-1) and central line infection (n=l). Other AEs included severe mixxoms (n=l), renal crisis 
<n» l), reactions to ATG infusion (n-1), paranoid reaction to Advan (o=l), rhre^opluebbls 
Cn= IX depression (n=2) tod FUO (n« 1). v ' 

STOthiatoq : Among poor prognosis SSc patients who survived at least 1 year after SCT skin 
■cores and mHAOs Improved significantly, while putoonary function was stable. Severe' pre- 
exwtng pulmonary disease may predispose to pulmonary toxicity after HDIT in the next 10 
enrolled patients, lung shielding to 200 cGy irradiation was employed and no further episodes of 
interalna] pneumonitis have occurred. The safety and efficacy of HDIT wtth lung sttelOnji is 
currently being evaluated. ^* * ax * ua * 
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ETANERCEPT AS TREATMENT FOR DIFFUSE SCLERODERMA: A PILOT STUDY. Michael H EUman. 
Patricia A MacDonaki, F Ann Hayes Chicago, a and Seattle, Washington 

Ten patients with diffuse scleroderma (PS) of less than 3 years duration were treated with 
etancrcept 25 mg admlnisicrtd snbcutaneously twice Weekly for 6 months (HMD* 8303) The 
Rodnan skin score was the primary outcome measurement; secondary measurements were 
pulmonary function tests, physician and patient global assesment, oral aperture opening and hand 
extent and the Modified Health Ass<»niem Oucstjormairc(HA0J. The patients were allowed to 
contwue cuiTent treatments for DS; the rnaximum prednisone dose allowed was 10 roc/day 
Esxtuskms to entry included a DLCO <45%, benx>globm below 9.5 Gm/dJ, creatinine >i g mg/di 
andrrypertemtonwoteserimai^^ . 
years (range 27-71 years) and had DS for a mean of 17 months (range 4 to 58 months). 2 patients 
werebemg treated with perurillamirje, 2 with mmaydinc and 4 with prednisone. 4 patients 
en^ir«KudYwithdisu^uk^ 

fingertip ulceranons leading to gangrene and discontinued the study after receiving 4 weeks of 
asnerccpt. Of the 9 patients who completed the study. 4 patients had Rodnan skin scores that 
j^r^ appfoxlnwieiy <** (range 27.74%) and 5 patient* bad skin scores that were un<dianged. 
The digital ulcers tmproved in the 3 pabenui with ulcers that remained in the sudy. The patients thai 
unproved had a mean duration of DS 0 months less than those who remained stable. Pulmonary 
fimctkm testt remained stable from month 0 to month 6 (DLCO: 66 to 65%; TLC: 86 to 87%; FRC: 
99 to 95S). Patient and physician assessment (0 the worse and 5 best) improved from 3.1 to 4 1 and 
2& to 4 respecUvcJy. The HAQ scores improved from 1,8 to 1.57. Oral aperture and hand extension 
were unchaitgedTberc were no Infections. Etxnercept proved safe and easy to self administer 
there were no adverse effects other than minor injection site reactions and 4/9 patients had marked 
r^r^ow^^?^. 00 . P* 1 * 1 * ^ si S niflcailt worsening of the Rodnan skin score. 
CONCLUSION: A double bHod study in patients with very early DS, comparing ctajiercept with 
ptaceDO is warranted. 

Ptoc f°f < y ta Etwrcept medication and ftnanrhil support for data management was 
prmid«d by Immune* CdYpofatkm. F. Ann Hayes, M.D. is a Senior Vice President, 
Medical DcvrJopiucait, Cotp. 
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UWGi^AN^^ANTATION IN SCLERODERMA: THB JOHNS HOPKINS EXPERIENCE, liond Schachna, 
Fredrick M Wlgiey, Barbara White, Allan C Gdber, I Rmas, jonithxo B Orcns BcftestU, MD 

In the pan scteroderma (SSc) was considered t contnlndicaiion to hmg transplantation. Their ij little 
tnrmnanoo about the evaluation or outcomes of rxanspbuitatkui in SSc patients 

Of25 parienis with SSc referred for lung umnsplanianun since 1996\only 4 were deemed inappropriate 
can^Jaes (hie to comorMd coiKhuons (renal fiuhire[2], severe coronary utcry disease|lj7ii™iiflj^ 
oermniiatorlir). 3 patients declined transplanution and roudne evumatkM is ongoing in 4 patient*, of 7 
paucnt^ptaccd on the active waiting list, 1 died and 1 improved wEtb medical management. The table 
* ■ the outcomes of 7 oonsecutjvc patients with SS c who underwent lung txartsplantatlon. 

Follow- up duration 



53WM 

37BP 

35wT 

53WP 

5IWM 

50wT 

36BF 



SSc type 


HJVPHT 


Tiaosplam 


ISSc 


+/++ 


SIT 


ISSc 


+++/. 


SXT 


■SSc 


+ + +A 


SLT 


BSc 


4+/+ + + 


SIT 


ISSc 


+ ++/+ + 


HIT 


ISSc 




aT 


dSSc 


+ + +/+ 


BIT 



Outcome/ FVC 



acute rejeetioa 
alrve/53% 
aW71H 
alive/ 67% 
Subdural hematoma 
alrvc/HOX 
alive/ 40% 



dtedday 29 
13 months 
13 months 
13 months 
died day 57 
3 months 
in 



S392 



ISSc J i mirrd . dS Sc^imise; tUJUntenajtial lung disease (+ 70-80%,++ 51-69%.+ + + ^50% PVQ; PHT: 
pidnionary hypcrtensioo (+ 36-<5, + + 46-55, + + + 256oimHg RVSP); SLT/tttT/hXTaingie/buaieraVhem 
hmg bansphnt 

There was 1 death direeuy related to transplantation and 1 died from head trauma after a fall. Of note, 3 
longttnn survivors have m ai nta in ed satisfactory FVC (53-71*)- Overall 3/7 (71%) are ahve (rbUow-up MS 
mo)-we oooclude that most SSc patlentt who completed an evaluation met criteria for uanspantatiaa. The 
shprt4crai outcome at our center cornparea nrvorabty with one-year 70% survival reported for lung 
Uanspiamauon cweralL 



omune 
ad 150 



ement 



the 5 assigned ranksWo from 0.670 to 0.882; p < 0.05 or™< 0 01) 

Contusion The construct validity of 3 recently developed sets of activity criteria for SSc as 
wnole, for ISSc and for dSSc is supported by the results of this blind evaluation of disease activity 
by 5 external experts using the data contained in the clinical charts of 30 real patients. The criteria 
however, await validation based on a new series of patients. 

Disclosure: 
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S^f^" if ^JMENT/OR DIFFUSE SCLERODERMA: A PILOT STUDY. Michael H Ellman, 
Patricia A MacDonald, F Ann Hayes Chicago, IL and Seattle, Washington 

Ten patients with diffuse scleroderma (DS) of less than 5 years duration were treated with 
etanercept 25 mg administered subcutaneously twice weekly for 6 months (IND# 8303) The 
Rodnan skin score was the primary outcome measurement; secondary measurements were 
Putaonary function tests, physician and patient global assesment, oral aperture opening and hand 
extension and the Modified Health Assessment Questionnaire (HAQ). The patients were allowed to 
continue anient treatments for DS; the maximum prednisone dose allowed was 10 mg/day 
Exclusions to entry included a DLCO <45%, hemoglobin below 9.5 Gm/dJ, creatinine >1.8 mg/di 
vLrc^« , 5 i,°?i 0r 0th f UlneSSes - RESULTS: The patients (9F, 1M) had a mean age of 52.6 

£2f Trl T^l md ^t, DS f ° r a mean of 17 months * » 58 months). 2 patients 

ZSS-S^SSJf^E Z lX i P emcu,aminc . 2 w *h minocycline and 4 with prednisone. 4 patients 
fiS^lES^ f * CCIS ' 1 Patient With rapidI y P^^ive DS experienced worsening 
S^L? ™ ^ dmg l ° gangrene ™ d discontinued the study after receiving 4 weeks of 
S2Ln C 9 P f^T Wh ° con, P lcted *e < patients had Rodnan skin scores that 

Th?XSM P i? roXm,atdy t* % ^ 27 " 74%) 811(1 5 P atients ^ skin that were ^changed. 

Snmv^hi?f ra P ro r ed m ? P aticnts ulcers that remained in the sudy. The patients that 
fSlfJS? * nJe ^ dUr ^° r L 0f DS 9 months less ^ those who remained stable Pulmonary 
SSSSi??lf n f ln ? f" C . fr ° m m ° nth 0 10 month 6 (DLCO: 66 to 65%; TLC: 86 to 87%; FRC: 
28 » 4 iSilSS £ ^ 35865811,6111 <° ^ w orse and 5 best) improved from 3. 1 to 4. 1 and 
we« ^ CHAQSCOttSimpfOVCd&om 1 8to 157 Oral aperture and hand extension 
uW we^ ^fri,™ re ^ WCrc n u ^ ections - Etanercept proved safe and easy to self administer; 
sfcn ^ ^ CffCCtS 0ther thaJ1 minor m ) ccti on site reactions and 4/9 patients had marked 
CONcSSnN ^ P H en l e , nt L? 10 J paUent had ^Smc^nt worsening of the Rodnan skin score. 
pS wa^ttd StUdy m PatiemS Wi * VCiy DS ' o»P«*« percept with 

orovid^ v E i t ^ ien:ept medication ^ financial support for data management was 
M^^^S^Z^ HayCS ' M D ' * a ^ President, 
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Sc^^^l^.^ 0 ?^ THE JOHNS HOPKINS EXPERIENCE. Lionel Schachna, 
glCy ' Barbara Allan C Gelber, I Rosas, Jonathan B Orens Bethesda, MD 

i*£™t£™£^^^l™ C ? nSidCrC< l a ^traindication to lung transplantation. There is little 
the Of 25 p?tienL 5?2ElJ ' # ° U C ° meS ° f ^P^tion in SSc patients. 

£ candid du^l^^^ Wonly 4 were deemed inappropriate 

* defibrillator^). 3 patients declined ^J^TT WC[ ? h sevcre coronary artery disease 1], implantable 

fter patients placed on^lcU^^^^T ^ CVaiimion * ^oing in 4 patients. Of 7 

•on, demonstrates the outco^ ^S ve ^ JS,^^^^ ™ e 
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The role of TNFa and lymphotoxin in 
demyelinating disease 
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Multiple sclerosis (MS) l£ EH infla mm atory 
demyelinating disease of central nervous sys- 
tem (CNS) white matter. 1 The aetiology is 
unknown but the condition is probably the 
result of a misdirected immune response 
against myelin antigens. Pathologically there 
are multiple plaques or areas of white matter 
inflammation, demyelmation, and glial scarring 
or 9dfcrosis. In addition to myelin damage, 
axon loss may occur as there is a dose relation 
between myelin and axon. 2 The inflammatory 
lesions are disseminated in time and space, and 
clinically ihe illness is characterised by relaps- 
ing episodes of neurological dysfunction. 

In a commonly proposed sequence of events, 
autoreactive myelin specific CD4+ Thl are 
activated in the periphery, probably by non-self 
antigens with a resemblance to myelin 
proteins. 3 T cells interact with adhesion 
molecules, such as selectins and integrity on 
the capillary endothelium and men migrate 
into the brain parenchyma in response to 
chemotactic signals. Matrix metalloprotcascs 
(MMPs) are important in facilitating T cell 
penetration through the endothelial basement 
membrane. Microglia and astrocytes reactivate 
T cells locally in the CNS by presentation of 
myelin proteins bound to class II MHC 
molecules. T cells stimulate macrophage activ- 
ity by release of proinflammatory cytokines 
such as IL2, IFNy, tumour necrosis factor a 
(TNFa) and lymphotoxin (LT). Activated 
macrophages phagocytose myelin^ and damage 
myelin by release of proteases, nitric oxide 
metabolites, reactive oxygen species, eicosa- 
noids, complement components and TNFu. 
Autoantibodies directed against myelin basic 
protein (MBP) and myelin oligodendrocyte 
glycoprotein (MOG) are involved in myelin 
damage/ ? 

Experimental allergic (or autoimmune) en- 
cephalomyelitis (EAE) can be induced in 3 
variety of animal species, including non-human 
primates, by immunisation with spinal cord 
homogenateS; myelin proteins or their peptide 
derivatives. A number of different myelin 
proteins can induce EAE, indiidingproteolipid 
protein (PIP), M£P a MOG, myelin associated 
glycoprotein (MAG), and 2*3* cyclic nucle- 
otide S'-phosphdiesterase CCNP), Immunisa- 
tion induces brain inflammation accompanied 
by varied signs of neurological disease. EAE 
can be adaptivc^jtransfcrral by myelin sensi- 
tised T cells. E^E and MS share common 
clinical, Hinological, immunological and ge-f 
nctic features, and EAE is widely considered to 
be a jdevant model -for-thc^human^ disease. 
TNFa and LT are key elements in the 



pathogenesis of MS and EAE (reviewed by 
Stcinman* 1 ). 

TNFa and LT in HAE 

Many studies indicate that TNFa activity is 
increased during active disease. TNFa and LT 
mRNA can both be detected in the CNS in 
acute EAE; and are made predominantly by 
microglia and infiltrating macrophages. 7 LT 
increases before the onset of clinical signs of 
EAE, while TNFa peaks at tiie height of clini- 
cal disease and during relapses. 7 "* TNFft given 
systemically worsens the severity and duration 
of EAE and can trigger relapses, 10 11 TNFa and 
LT are both directly toxic in culture to 
oligodendrocytes., cells that form the myelin 
sheath in the CN$.' 7 0 TNFa given directly 
into the vitreous chamber in mice causes 
demyelination of the Optic nerve. 1 * 

TNFa production by astrocytes can be 
induced in culture. There is higher production 
of TNFa in astrocytes from rodent strains 
Which arc susceptible to EAE. 15 The ability of 
MBP reactive T cell clones to transfer EAE 
correlates with their level of production of 
TNFa and LT"" Altered peptide ligands 
reduce the production of TNFa and Thl 
cytokines, and can reverse EAE.' 7 11 

Bacterial superanrigens can induce relapsing 
attacks of paralysis in EAE., on effect blocked 
by antibody against TNFa." TNFa delivered 
locally by a T cell clone carrying a TNFa 
encoding reuovirus construct exacerbates 
EAE. 5 " 

l^ducrion-ofTNFo. activity by a number of 
different means abrogates: disease ►Treatment 
of L micc^ : with ^anti-TNFa antibody 5 ' " for 
neutralisation of TNFa and LT acrivity-with 
soluble p55 TNF receptor^ blo^ 
mentof EAE^pHpra"rn 3 ra sejccSve phosphodi- 
esterase typejy inhAitor : Tliat*r«duces 
tion.of TNFa and LT, reduces cunicaf signs of 
EAE^ J" ' 

In^ summary," these studies -lead -to the 
conclusion that . increasedjevels of TNHa 
aenviry exacerbate-di8easc,^bili^blbckade J of 
TNFa lessens disease in EAE models: 



TNFa and LT transgenic and knockout 
mice 

Transgenic experiments indicate that overex- 
pression of TNFa can induce spontaneous dis- 
ease. Overexprcssion of TNFa in the CNS of 
transgenic mice causes spontaneous inflamma- 
tory dcmyclination.'^ J Oligodendrocyte apop- 
tosis and myelin vacuolation is observed in 
these animals. 33 The effects of TNFa are 
prevented if the p55 TNF receptor is knocked 
out. 52 Oraexprcssion of TNFa in the CNS, 
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i even in mice lacking CD4> (3-2 microglobulin, 

immunoglobulin p. chain, and RAG-I 3 is auffi- 
cicni to induce dcrnyelination." 

Gene knockout studies have examined the 
role of TOTa and LT in susceptibility to 
induced EAE. A complicating factor in several 
studies 3 * 3S is chat disruption of these genes 
causes developmental defects., such as abnor- 
mal lymph nodes, altered splenic architecture, 
and abnormal immune function. In a more 
recent study of TNFa and LT knockout mice, 
immunodeficiency was corrected in LTa-/- 
mice by reconsrituaon with bone marrow 
cells. 50 Mice with TNFa knocked out, but with 
LTa present had a delayed onset and shorter 
duration of disease. The absence of TNFa had 
the effect of impairing lymphocyte migration 
into the CNS, When LTa was knocked our, but 
TNFa was present, EAE developed normally. 
Similar results were seen in an earlier study of 
TNFa knockout mice. 37 The conclusion from 
these knockouts is that TNFa plays an impor- 
tant part in lymphocyte trafficking into the 
CNS. 

Although TNFa is generally proinflamma- 
tory in EAE experiments, TNFu may be 
anti^innamrnatory under some conditions. 
TNFa reduced EaE when given systemically 
usinc a recombinant vaccinia viru8. ,n The 
effects of TNF and other cytokines vary 
depending on whether they arc given systemi- 
cally versus locally, timing of administration., 
and other factors. In another study of TNFa-/- 
knockout mice, MOG induced EAE was more 
severe in TNFu-/- mice than in littermatc 
controls. 3 * TNFa given systemically was pro- 
tective and prevented development of EAE. 
Presumably the explanation is one of cytokine 
redundancy^ with other molecules substituting 
functionally for TNFa in this situation. Simi- 
larly, Thl cells are generally implicated in 
EAE, and Tnl clones reactive to MBP can 
transfer disease.*" However in the study of 
Lafaillc 01 al, 41 anti-MBP Th2 cells were 
derived from MBP specific TCR Transgenic 
mice, and transferred mlo RAG-1 knockout 
mice. The transferred anti-MBP specific Th2 
cells were able to cause EAE. IL4 was present 
in the lesions, but no TNFa or other Thi 
cytokines were present. 

Despite these exceptions, the same generali- 
sations hold true from experiments with TNFa 
transgenic and knockout mice. TNF expres- 
sion in transgenic mice is Sufficient to cause 
spontaneous inflammatory demyelination, 
while inactivarion of the TNFa gene impairs 
lymphocyte migration into the CNS. 

TNFa and LT in MS 

As in EAE, TNFa and LT protein and mRNA 
can be demonstrated in MS plaques/ 2 " TNFa 
positive cells include lymphocytes, macro- 
phages, endothelial cells, astrocytes, and 
microglia. 44 45 

TNFa is present in the CSF of subjects with 
MS, 4 *** and the level of TNFa correlates with 
severity and progression of disease. 4 ' TNFa 
increases the permeability of CNS endothelial 
cells.* TNFa levels in CSF are higher in MS 
subjects with active disease and correlate with 
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blood-brain barrier damage. 51 CSF mononu- 
clear cells from MS subjects show increased 
TNFa rnRNA levels, compared with blood 
mononuclear cells* or compared with cells 
from the CSF of control subjects." M PBLs 
maintained in culture from MS subjects 
produce more TNFa and LT than controls. 5 * 
Disease exacerbation is correlated with higher 
levels of TNFa and LT mRNA in MLs. 9 ** 1 
TNFa production after mitogen stimulation of 
PBLs from MS subjects is increased before 
exacerbations." 

As well as being toxic to oligodendrocytes, 
TNFa, and to a lesser extent LT 3 is mitogen ic 
for astrocytes in culture, and may contribute to 
reactive gliosis found in MS.*° *' 

Like EAE, these data suggest that higher lev- 
els of TNFa correlate with increased disease 
activity in MS. 



TNF genes and susceptibility to MS 

The genes encoding TNFa and LT are 
embedded within the major histocompatibility 
complex (MHC) in the human chromosomal 
segment 6p21, about 250 kb centromeric to the 
HLrVB gene and 355 kb telomcric to C2. 
Multiple polymorphisms have been identified 
in or near the TNF genes. However case- 
control population based studies have failed to 
detect significant genetic association with MS 
susceptibility or progression. ResultB indicating 
distortions of the expected allelic frequencies 
could be atrributed to the effect of linkage dis- 
equilibrium with HLA-DR2. 62 



Current treatments for MS: effects on 
TNFa 

Several currently used treatments for MS have 
effects on TNFa activity. Mcthylprcdnisolone 
intravenously, or oral prednisone, is commonly 
used in the trcanncni of MS exacerbations. 
The effects of corticosteroids include a de*- 
crease in TNFa activity by inhibiting 
transcription." There is a reduction of MMP-9 
activity (gelatinase B), and increased levels of 
TTMP-3." 

Two forms of IFNfl are currently used for 
the Treatment of MS, IFNUlb (Rctaseron) and 
IFNBZa (AvOncx, Rebif). IFNS has several 
mechanisms of action (reviewed by Yong ei 
of 5 ). Pre-rrearment of T cells with TFNft 
decreases VLA-4 intcgrin expression and 
reduces subsequent TNFa production by 
microglia. 6 * IFNfi may favour the production of 
anti-inflammatory cytokines/^ 71 and decrease 
TNFa producTion. 72 73 IFNfi decreases TNFa 
receptor levels on T cells." IFNfl decreases 
MMP-2 and MMP-9 activity and reduces T 
cell migration into the CNS. 75 76 

Copoiymer-1 (Copaxone), a random co- 
polymer of alanine, glutamic acid, tyrosine, and 
lysine, is the most recent immunomodulatory 
drug approved for the treatment of MS. Recent 
studies suggest that copolymer- 1 acts as an 
altered peptide ligand, causing a shift from a 
Thl to a Th2/Th3 response, with a decrease in 
TNFa mRNA levels. 77 
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> Ja^/i, A perfect match (PM) and an adjacent mimatch (MM) 25-mer DNA oligonucleotide probe pair 
\e MM otigmntdajtidg has a singie change at position IS. 




Therapeutic blockade of TSFa activity in 
MS 

A study of two rapidly progressive MS subjects 
treated with the anti-TNFct antibody cA2 
(Remicade, Centocor) was reported by Van 
Osten er al in 1996. 7S The subjects were given 
rwo infusions of 10 mg/kg of antibody at inter- 
vals of two weeks. There was no reported clini- 
cal worsening of disease. However, an increase 
in the number of gadolinium enhancing lesions 
on magnetic resonance imaging* a rise in CSF 
IgG index, and an increase in the number of 
lymphocytes in the CSF was observed after 
each infusion. The magnetic resonance imag- 
ing and C$F findings were felt to indicate 
intrathecal immune activation. VCAM-1 was 
detectable in CSF post-infusion, while levels of 
VCAM-1 and ICAM-1 were lower in serum. 
TNFa production by stimulated WBCs was 
lower after treatment. cA2 antibody could not 



be detected in CSF, and was probably not able 
to cross the blood-brain barrier. Unfortunately, 
there were no monthly pre-treatment scans to 
estimate ongoing disease activry in this small 
Btudy. 

A soluble dimeric p55 T*NF receptor- 
immunoglobulin fusion protein (sTNFR-IgG 
p55; lenercept, Roche) was tested in a double 
blind placebo controlled study of 168 mainly 
relapsine-remitriag MS subjects. 7 ** Subjects 
were treated with 10, 50 3 or 100 mg of 
lenercept intravenously every four wcfcks> for a 
period of up to 48 weeks. Clinical evaluations 
and MRI were obtained every four weeks. The 
exacerbation rate was increased by 2%, 68%, 
and 50% 3 over the placebo rate, in subjects 
treated with 10, 50 and 100 mg of lenercept 
respectively (p = 0.007). There was a dose 
dependent decrease in the time to first exacer- 
bation in created groups (p = 0.006). There 
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Figure 2 SarnpU preparation. A primer containing oKga-dT (T24) andaTl RNA pofynierase binding site is used for 
pnt strand cDNA synikem- Doubts stranded cONA is used for an m view transcription reaction,, to make cRNA labelled 
XBtth biorin-UTP and biatttt-CTR 
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$ Gsnechip image. The figure shows a scanned image nf a FfuGencFL chip. 



was a tendency for the duration and severity of 
exacerbations to be increased with Jenercept, 
although this was not statistically significant. 
Side effects included headache, hot flushes, 
nausea, dyspnoea* and abdominal pain. Anti- 
bodies to lencrcept were detected in most of 
the treated subjects. Trough serum concentra- 
tions of lenercept were detected in only a third 
of patients, and not in those subjects with high 
anti-lenercept antibody concentrations. New 



occurrences of rheumatoid factor or ANA were 
more common in the lenercept treated group. 
Despite clinical worsening, there were no 
significant changes in MW measurements 
between groups. One explanation may be the 
timing of scans in relation to drug dosing. MRI 
scans were obtained four weeks after the 
preceding dose, and changes may therefore 
have been missed. However, it is also recog- 
nised that MRI changes have poor pathological 
specificity in MS, and poor correlation with 
clinical measures of disability. Newly active 
MRI lesions reflect changes in blood-brain 
barrier permeability, which may perhaps be 
separate from CNS inflammation, 

Pentojiyfillinc> a phosphodiesterase inhibi- 
tor, reduces TNFa production and prevents 
EAE 79 90 and has been studied in MS- TNFa 
production is reduced in vitro," 1 but there is no 
apparent effect on disease,"' " Perfenidone, an 
experimental drug mat prevents gliosis and 
blocks TNFa synthesis, is currently being 
tested in M$_ 

To date tbc results of TNFa blockade in MS 
have been disappointing, and seem to make 
disease worse* Or at best have no effect. These 
results are unexpected and in contrast with 
animal models, where TNFa blockade is effec- 
tive in ameliorating disease. The reasons for 
thiR difference arc not clear at the present time. 

Metalloproteuaase inhibitors 

The MMPs are a group of zinc containing pro- 
teolytic enzymes involved in the degradation 
and remodelling of the extracellular maim.** 
The family consists of approximately 1 8 mem- 
bers subdivided inco eollagfcnascs, gclatinascs, 
siromelysin, and membrane-type MMPs. T 
cells express predominantly MMP-2 (gelati- 
nase A) and-9 (gelatinase &), while macro- 




Figure4 Cbsi vita ofgenechip. Individual iymhtsis features vr probe ceils can be seen. Each 24 x 24jim probe cell is 
imaged by thf. scan** as a series of 3 urn pixels. The softivunt aligns a grid w iMe image after scanning. A rota of brighter 
cm proves can be sssn, above a rvw of corresponding MM probes. 
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Figure 5 Hyhrv&itjnon, Biomrytaied cRNA, ttaintd vmh strapsaridm^ftyx^ihrix, 
binds pt'efsrentioUy tit the PM aligouuekoxide. Hybridisation is measured fry cakulacnm of 
PM-MAi differences, and PMfMM ratios. The sofitikxre makes a call ofttttynnstd, 
decreased, tir mt ^ for each RNA, when comparing too chips, 

phages secrete a broader range and larger 
amounts of MMPs 9 w including MMP-1, -2, -3 3 
-7 (matriiysin), -9 and -12. Neurons, astro- 
cytes, and oligodendrocytes also express 
MMPs/ 1 ^ The activity of MMPb is righdy 
regulated at the level of transcription^ by 
proenzyme activation, and by the activity of 
tissue inhibitors of metalloproreinases 
flTMPs). Gene transcription can be induced 
by growth factors, inflammatory cytokines, and 
via cell-ECM or cell-cell interactions. MMPs 
are initially produced as inactive pro-MMPs, 
containing a zinc atom bound to a cysteine 
residue in the catalytic domain. Activating fac- 
tors disrupt the zinc-cysteine interaction and 
expose the catalytic site. After activation, 
MMPs arc regulated by the formation of com- 
plexes with one of the lour TIMPs, MMP 
activity is tightly controlled by these means, but 
excess MMP production and activation may be 
on important factor in autoimmune diseases, 
including MS. 

Table S TNF tttatzd geti&s rxpntstttif&l on HuQcncFL array 
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-H'llIOS 'I\imcrar necrosis fector receptor 2 wociated protein Hsp3 

Lyinphunwin gene extracted from human rumour necrosis factor and 
lymph nmvin jeno, complete CDs 

Hiuiaol uiniour neenrsis factor inaudMc (TSG-6) mENA fragment, 
Aiihg&ion xcccpu>iCD44 punitive CDS 

Huotail tudkOur ntcrusix facrnr inducible (TSG-H) mftMA, coippJctc CPs 
Human rumour necrosis ihctor type 1 reccpror fwsocjwcd protein CITIAP1) 
raRNA, partial CD* 

Human rumour nccrosift ['jlwt iruepuir mRNA, complete CDs 
Human tumour necrosis factor aJphu induuihle pmndn A2Q mRNA, 
cgxnplcs? CDs 

Human TNF alpha inducible responsive etemtni mRNA, complete CDs 

Human TNF alpha convening trt&fint iuRMa, wmplerc CDs 

Human alpha converting enzyme oiRNA, compters CDs 

Woman TNF receptor associated fecicr 6 (TKAFb) mftNA, complete CDs. 

Humnn mRNA for 26S pcorcasorne jubonu p97, coniDluie CDs 

Humim mRNA for S65 protcasomc subtinir p3l, complete CDs 

Hmnun gone for tumour necrosis factor (TNF alpha) 

Human ctllular oncogene c-fp* (complete sequence) 

Human c-tun pro to oncogEn* (JUN), compter* CDs, clone hCJ-i 

Homo japicre rumour necrosis toot rectptur mRNA, compimc CDs 

Homo sapiens TNF receptor- 1 associated protein fTRADD) mRNA* 3' end 

of CDs 

Homo sapiens TNF receptor associated factor 5 mRNA, partial CDa 
Homo sapiens gene cncoduifi rrf>5 iubunit of transcxippoQ. factor NF-tappaB 
Homo sapient (clone CD 1 8) tumour necrosis factor receptor 2 related 
protein iuRNa, cumpleK CDs 

Homo sapiens mRNA for serin e/rhrco nine pro rem kinase, NIK 



l"hc HuCnmeFl . probe arm » a bigb deniiry, single chip array wlrh over 6000 genesi represented 
Full Icnerh genes were selected from UniGcnc, GcnBank, and TIG* dmobascs by ArfetncrrbL 
TNFa. LT, TNF receptors, and a number of geji&c involved m 'J*NFa siBmulinc twmways are rep- 
resented on die Rimy, 



MMPs are needed to facilitate T cell 
pcncrrau'on through the basement lamina of 
the vascular endothelium into the CN$, 
Incrcafitd MMP expression can be demon- 
strated in the CNS of subjects with MS*** 3 and 
in animals with EAR"* 10 MMP inhibitors 
block degradation of the extracellular matrix 
and reduce entry of T cells into the CNS. One 
mechanism of action of IFNfl in MS is the 
inhibition of MMP-9 activity of T 
lymphocytes." 76 

TNFa is initially produced as a 26 kDa 
membrane anchored protein and \r converted 
to the mature, secreted 17 kDa protein by 
TNFa convening enzyme (TACB). MMP 
inhibitors prevent the conversion of TNFa into 
an active form. In addition, MMPs contribute 
directly to the degradation of myelin proteins, 
and MMP inhibitors may block this activity. 

MMP inhibitors can block induction of 
EAR Vrt - ,U3 A small trial in MS subjects of a 
combination of D-peniclIaminc and me ta cy- 
cling which inhibit MMP-9 and t-PA s was 
reported. Ten patients with secondary progres- 
sive MS were treated over a period of one year. 
There was no improvement in Extended 
Disability Status Scale (EDSS) scores at one 
year, and there were problems with toxicity. 103 
Several MMP inhibitors arc currently being 
tested in clinica) trials in MS, but there are no 
published data at the present time. 

Genomics and micro array technology 

Cm-rent estimates suggest that there arc 
approximately 100 000 genes in the human 
genome, and about one half of these have been 
partially or completely sequenced- Determina- 
tion of which of the 100 000 genes are 
expressed is a useful initial step in understand- 
ing a disease process. 

Micro amy technology allows a large scale 
readout of gene expression. Several different 
types of microarrays arc available., based on 
cDNAa* PCR products, or oligonucleotides 
immobilised on a solid support The Asymetrix 
Gcncchip is a high density oligonucleoride array 
synthesised direcdy onto glass slides by a 
combination of photolithography and light acti- 
vated chemistry/" 4 "* The expression arrays 
contain as many as 400 000 24 x 24 um synthe- 
sis features. Each synthesis feature or probe cell 
contains approximately 10 T copies of a Specific 
25-mer DNA oligonucleotide sequence. The 
synthesis features arc organised in pairs, consist- 
ing of a perfect match (PM) oligonucleotide and 
a mismatch oligonucleotide (MM) immediately 
below (fig 1). The MM oligonucleotide is iden- 
tical except for a single base change at the mid- 
dle position, and is used as a control for hybridi- 
sation specificity. Each gene on the array is 
represented by a series of 20 probe pairs> which 
spaa the sequence 

Samples are prepared for hybridisation to the 
array* first by isolation of polyA+ mKNA. 
Double stranded cDNA is then made, and the 
cDNA is used as a template to produce 
biotinylated cRNA (fig 2). The labelling proce- 
dure amplifies the mRNA population by about 
150-fold. The cRNA is fragmented and 
hybridised to the array, forming hybrids 
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between the bionnyiated cKNA and the DNA 
oligonucleotides on the chip. The array is 
washed, stained with STxepiavidin- 
phycoerythrin s and scanned wirh a confocal 
laser microscope. A scanned image of a 
genechip is shown in figure 3 3 and a close up 
view in figure 4, 

The average fluorescence intensity is calcu- 
lated for each probe cell. The presence or 
absence of a particular RNA is determined from 
the hybridisation pattern, using PM and MM 
differences and ratios (fig 5). The signal is 
proportional to the amount of bound., labelled 
cRNA, The relative concentrations of different 
RN As in a population can be estimated from the 
signal intensity. A single sample is applied to 
each array, arid the software compares arrays. 

Ufting this system > we have analysed several 
rodent EAE models, and human M5 Samples 
(unpublished data), to look for differentially 
expressed genes. The aim is to identify novel 
targets for drug development A number of 
TNF related genes are represented on the 
arrays (table 1). Many genes known to be 
involved in demyelination are differentially 
expressed, along with a number of less well 
characterised genes. The data are complex, but 
provide a more global view of gene expression. 
A difficulty with this type of data is that it does 
not give functional information regarding the 
identified genes. Functional experiments such 
as gene inactfvation, cellular localisation) and 
other types of studies arc needed. Ouster 
analysis may provide functional clues by 
grouping together genes whose expression is 
co-regulated. i0 * The size of the data sets also 
presents a challenge. 

Genomics has been likened to the biological 
equivalent of the chemical periodic table, but 
with 100 000 gene elements and an informa- 
tion space with more than two dimensions. w 
The microarray approach will hopefully pro- 
vide a more comprehensive view of TNF 
related pathways involved in demyelinoting and 
other diseases. 
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